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TEACHERS IN TECHNICAL COLLEGES 


T is now recognized that, in spite of some definite 
shortcomings, the White Paper on Technical 
Education published in February 1956 is something 
of a landmark. It did not, perhaps, distinguish 
sufficiently clearly between the functions of the tech- 
nical colleges and the colleges of technology and the 
university departments of technology, nor did it 
attempt to assess the quantitative demand for tech- 
nicians and craftsmen. However, it recognized 
clearly enough that Britain’s needs would only be 
met if the understanding and support of parents as 
well as of industry could be secured, and also that 
buildings were only a part of the problem. A critical 
factor was the supply of teachers. 

This subject was not considered in any detail in 
the White Paper, which stated that there were at 
that time some 11,000 full-time and 46,000 part-time 
teachers in technical colleges, about 9,500 of whom 
were school teachers who teach in the technical 
colleges in the evening ; and it merely observed that 
many more teachers would be required to enable the 
annual output of students from advanced courses to 
be increased to 15,000 in 1960, and that of students 
attending part-time day courses during working hours 
from 335,000 to double that figure. It was recognized 
that the quality of the teaching staff would be just 
as important as numbers if the technical. colleges 
were to contribute appropriately to the output of 
scientists and technologists and to the supply of 
technicians and craftsmen required by industry and 
commerce. In June 1950, however, Sir David Eccles, 
then Minister of Education, appointed a committee, 
under the chairmanship of Dr. Willis Jackson, to con- 
sider, in the light of the White Paper, the supply and 
training of full-time and part-time teachers for tech- 
nical colleges, and this committee has now reported*. 

Apart from the estimates as to the demand for 
teachers, the report contains little that is fresh. 
There are some novel recommendations, but essen- 
tially no new suggestions regarding sources of supply. 
Nevertheless, the report is sane and constructive, 
and throws a welcome emphasis on factors that are 
frequently neglected. The problems to be solved are 
clearly displayed ; just as the shortage is the resultant 
of neglect in many different directions, so is the 
adequate supply of Britain’s needs in technical man- 
power shown to depend on a united effort in which 
the Government, the local authorities, the univer- 
sities, industry and the general public as well as the 
colleges themselves, teachers and the schools have 
their own parts to play. 

As to the present staffing of the technical colleges, 
there are no Ministry statistics later than those for 
March 1955, when some 10,000 full-time and 44,000 
part-time teachers were in establishments of further 
education having day-work, other than art establish- 
ments. The colleges themselves reported 11,455 full- 


bd of Education. The Supply — —— of Teachers for 
Technical Colleges: Report of a Special Committee appointed by the 
Minister of Education in September, 1956. Pp. xiv+68. (London: 
H.M. Stationery Office, 1957.) 4s. net. 


time teachers (including some in art establishments 
engaged on technical work) and 38,959 part-time 
(omitting some teachers engaged on evening-work 
only) in the 1955-56 session. These latter figures 
were used by the Committee in arriving at iis 
estimate that the number of teachers would require 
to be increased by about 8,500 by 1960-61 to carry 
the additional load involved in the White Paper’s 
proposals, or about 1,700 annually, compared with 
the annual average of 1,100 for 1952-55. This cal- 
culation, moreover, is based on the present average 
number of teaching hours per teacher, and even if 
the expansion in student numbers proceeds more 
slowly than the colleges anticipate, this rate of 
expansion is desirable to permit some reduction in 
average teaching hours, which for some individuals 
the Committee regards as excessive. This annual 
increment is. to be made up of about 1,430 full-time 
teachers and about 1,600 part-time teachers, and 
should suffice to carry the expected increase of nearly 
50 per cent in the teaching load and meet the desire 
of the colleges to see the full-time teachers in 
1960-61 carrying 71 per cent of the total teaching 
load in place of the present 65 per cent. This aim is 
generally supported by the Committee and is regarded 
as @ necessary consequence of the expansion in day- 
release work. Moreover, it provides a permanent and 
stabilizing factor in colleges, giving an element of 
continuity which is particularly necessary when most 
of the student body is made up of part-time students. 
Further, it simplifies administration and organization, 
while full-time staff can devote time to the general 
welfare and social life of the college as a whole in a 
way that could not reasonably be expected from a 
large body of part-time teachers. The programme of 
work of a full-time teacher can also be framed so as 
to give him adequate time for careful preparation, 
marking, devising and setting up experiments and 
visual aids, and for taking a personal interest in the 
progress and careers of his students. 

These are all major factors in the relation between 
staff and student, and are particularly important 
with part-time students. Furthermore, while even 
with this swing to full-time teaching the colleges will 
require an extra 8,000 part-time teachers by 1960-61, 
it is possible the colleges may have under-estimated 
the relief which part-time teachers can give to the 
full-time teachers ; and while there are other reasons 
for hoping that industry will be able and willing to 
release staff at all levels for part-time teaching, it is 
wise to assume that this average annual increase of 
1,600 part-time teachers during the next five years is 
@ minimum one. ‘There is the further problem, 
which Dr. Willis Jackson stressed in explaining the 
report at the Conference organized by the Federation 
of British Industries on May 15, that acute difficulty 
is likely to be encountered in securing an adequate 
supply of well-qualified teachers of science or tech- 
nology for professional courses at intermediate and 
advanced level. For these courses an increase is 
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required of about 1,250 in the number of science 
graduates and of about 1,350 in the number of 
technology graduates. Disregarding staff wastage, 
which is at present unduly high, these figures mean 
raising the average net increase inthe number of mathe- 
matics and science graduates in service from about 200 
to 250 and of technology graduates from 90 to 265. 

Before considering what Dr. Willis Jackson 
described as the kernel of the report—the provisions 
for meeting the needs. and especially those making 
teaching in technical colleges as attractive as it 
should be—it should be noted that the colleges since 
the War have sometimes had great difficulty in 
recruiting sufficient staff, particularly in the fields of 
science and technology. These difficulties in recruit- 
ment have been in the quality as well as in the 
number of applicants, and they have led to the over- 
loading of the full-time staff in terms of class-contact 
hours, to the undesirable use of part-time staff 
through inability to fill full-time posts, and to an 
excessive turnover of staff since promotion at other 
colleges is so easy to secure. There is also risk of 
lowering the standard of the profession, since staff 
of inadequate quality is sometimes appointed. 

The future requirements of British technical colleges 
for teachers are thus large, and in the main they are 
for specialists, who must be attracted from other 
forms of employment in which they are in equally 
great demand. The Committee can suggest no sub- 
stantial fresh source of supply, and recognizes that 
no large source of persons suitable for full-time 
appointments remains untouched. The additional 
teachers must come, in the main, as they have always 
done, from industry, from university teaching and 
from the schools; but although the Committee 
believes that some married women with qualifications 
in mathematics and science may prefer teaching in 
technical colleges to teaching in schools, it does not 
appear to look to women teachers, either full-time 
or, part-time, as likely to provide any considerable 
source of supply. 

One possible field of recruitment to which the 
Committee directs attention is the Armed Services, 
where there are now many people with accepted 
qualifications as a result of Service training. Since 
the requirements of the Services are likely to be 
reduced, the Committee makes the reasonable sug- 
gestion that positive measures should be taken to 
ensure that all technically qualified regular officers 
and Service-men are made fully aware of the oppor- 
tunities in technical education, and it believes that 
much more could be done to supply the Forces 
Resettlement Service with up-to-date information 
about technical education and the great need for 
teachers. Equally sound are the suggestions, in 
accordance with the tendency for the creativeness of 
a research worker to diminish in middle age or later, 
that measures should be taken to ensure that these 
opportunities and needs in technical education should 
also be brought effectively to the notice’of such workers 
in the Scientific Civil Service, the research associations 
and in industry. Apart from this factor, the changing 
interests and growth in experience of such research 
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workers might well lead a certain proportion to take 
up technical teaching and bring to the colleges an 
outlook and an expert knowledge of special subjects 
which would be of great value. 

Such measures illustrate one factor on which the 
success of the recruitment campaign, as the Com- 
mittee sees it, will depend: a willingness to develop 
unconventional sources of recruitment. That factor 
is also illustrated by the observations on the use of 
part-time teachers not only from industry but also 
from Government establishments and elsewhere, 
particularly in the remarks as to special inducements. 
There is sound sense in the observation that, to 
attract such staff of the calibre required, inducements 
should not be thought of as primarily financial : 
sta‘f are much more likely to be attracted by offering 
them a special status in college life, with a title such 
as ‘special lecturer’ or occasionally ‘special reader’. 

Here, however, the other two factors which the 
Committee stresses as conditioning success are in- 
volved: establishment of a closer partnership 
between the colleges and industry ; and a determined 
effort on the part of all concerned to raise the status 
of technical teachers and the attractiveness of their 
calling. It is recognized that the assistance and 
support of governing bodies and the local education 
authorities concerned will also be required, and on 
this point of co-operation the report is forthright. 
The Federation of British Industries in its ““Hand- 
book on Industry and the Technical Colleges’’ issued 
last autumn was content to remark that industry could 
help the colleges by assisting the recruitment of 
part-time lecturers of the right type. Dr. Willis 
Jackson and his colleagues are convinced that there 
is still too marked a tendency for. educational 
institutions and industry to be regarded, and to 
regard themselves, as separate and distinct rather 
than as intimately associated partners in a joint 
enterprise. The real problem is being ignored so long 
as the possible gain by a technical college of a highly 
qualified and experienced recruit from industry is 
regarded as a loss to be resisted. For some time to 
come,’ industry must be prepared to encourage and 
assist the transfer to full-time teaching work of 
experienced staff members it can ill afford to lose, as 
the only means of ensuring a much augmented supply 
of junior recruits of high quality. 

The value of a much greater interchange of staff 
and ideas in furthering the wide publicity required in 
order to attract sufficient additional teachers is 
obvious. Evidence submitted to the Committee 
suggests that at present more than a quarter of the 
new staff recruited by the technical colleges are 
teachers transferring from full-time service in schools. 
Disregarding the effect of such transfer on the 
schools, and disregarding the possibility that it may in 
due course be affected by the activities of the Indus- 
trial Fund for the Advancement of Scientific Educa- 
tion in Schools, this source of supply does not meet 
the vital need for more graduate technologists. To 
increase the supply of teachers of technology from 
150 to 360 a year will require a great effort from all 
concerned. 
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To secure the desired co-operation from industry 
and government departments as well as from the 
Ministry of Education, the local education authorities 
and the technical colleges, every effort must be made 
to arrange the most effective deployment of staff. 
Nor is this simply a matter affecting teaching staff 
alone—particularly the more highly qualified mem- 
bers—and the rationalization of courses. It implies 
avoiding waste of special skill and knowledge on 
duties which do not require it, and seeing that 
highly qualified members of staff do not waste their 
time on routine clerical work or maintenance and 
repair of equipment but are provided with adequate 
clerical and laboratory assistance. This applies also 
in industry and elsewhere if the full potentialities of 
the additional sources of supply suggested in the 
report are to be realized. 

More than the elimination of waste of skilled effort 
is involved here. Such conditions are an important 
factor in attracting staff of high quality, and the 
Committee comments wisely in the same connexion 
on the importance of allowing the mature entrant 
from the Armed Services, from industry or from 
research institutions full credit for his previous 
experience in determining his salary. The difficulties 
in regard to pension schemes are fully recognized, 
but the Committee considers that industrial pension 
schemes should provide, whenever possible, for a 
paid-up policy fo be granted to those who resign to 
take up teaching, so that a pension will be due to 
them on their eventual retirement. 

The remarks on research and consultant work are 
tempered by a like appreciation of the value of such 
conditions in attracting the right type of recruit, and 
in establishing the status and dignity which are 
essential for the maintenance of high professional 
standards. The major expansion in research in tech- 
nical colleges should, in the Committee’s view, be in 
the application of fundamental knowledge to problems 
of design and production; but it also urges the 
prosecution of research into teaching methods, par- 
ticularly as applied to special branches of technology. 
The prime consideration is here the benefit to the 
teacher himself, though the value of both research 
and consultant work to local industry is not over- 
looked; from the same point of view the report 
stresses the importance of encouraging teachers to 
extend their technical knowledge and to improve 
their qualifications, of a liberal policy in regard to 
leave to attend scientific and technological con- 
ferences and of reasonable standards of accom- 
modation. 

Dr. Willis Jackson and his colleagues have produced 
a report which is pervaded by the same liberal spirit 
and understanding of the mind of the scientist and 
technologist as marked the Barlow Report on 
scientific staff more than a decade ago. Whereas, 
however, implementation of the recommendations of 
the latter report was a matter for Government 
administrators alone, those of the present report are 
addressed to industry, to local education authorities 
and to many others, including the college authorities, 
many government bodies as well as the Ministry of 
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Education and professional associations and the 
teachers themselves. To bring a more liberal outlook 
into technical education also depends on wide-spread 
co-operation, and all these considerations give special 
importance to the two novel proposals of the report. 

First, the Committee is convinced that residential 
conferences, lasting two or three weeks, for senior 
members of the staff of technical colleges, would be 
of considerable benefit, alike in identifying and 
studying major problems connected with the aims, 
ideas and growth of technical education, stimulating 
new methods and attitudes in the colleges, fostering 
a more catholic understanding of the functions of 
technical colleges and keeping teachers in touch with 
new trends in science and technology. Accordingly 
it is recommended that the Minister of Education 
should establish a staff college with its own board of 
governors and appoint a director of studies to plan 
the programme and guide its execution. Secondly, it 
is recommended that an advisory committee be 
established on the supply and training of teachers for 
further education, the duty of which would be to 
review the arrangements and provision for training 
and to keep in touch with the technical colleges as 
regards the supply of teachers and the demand for 
different types of training courses. 

Time may well be required to implement these 
latter recommendations ; nor can the proposal for 
further proliferation of the bodies concerned with 
technical education be entertained without careful 
consideration, if only on account of the demands it 
may make on the time of experienced and trained 
man-power. Meanwhile, however, the report sets 
forth—with cogency and a sense of urgency—practical 
ways in which professional bodies, technical college 
authorities, industrialists and teachers themselves 
could work together to meet a desperate need, and 
to establish the conditions which should ensure an 
increasing supply of teachers of high quality both 
for colleges of technology and for the technical 
colleges. Not the least of these opportunities, and 
one for which every scientist and technologist shares 
some measure of responsibility, is that of educating 
public opinion as to what is involved and thus 
securing the public understanding needed both to 
ensure a steady supply of students for the colleges 
and the adoption of the appropriate measures by 
local education authorities. 


TERMINOLOGY IN PHYSICS 
AND ELECTRONICS 


The International Dictionary of Physics and 


Electronics 
Pp. xvii+1004. (London : 
Ltd., 1956.) 120s. net. 
YSICS has derived its vocabulary from several 
sources. Unlike some other sciences it has 
always made much use of everyday words, adapting 
their meanings, usually by restricting them, to the 
needs of experiment and theory and giving many a 
quantitative sense. Although it continues to absorb 
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words in this way, it has increasingly had to resort to 
supplementary sources. Thus the names of promin- 
ent physicists have provided many adjectives to 
qualify effects, theories, quantities and instruments 
in addition to being used as units. Much can be said 
for the practice, provided ambiguity and obscurity are 
avoided. No physicist misunderstands, for example, 
the terms Planck’s constant, Curie temperature, 
Geiger counter or Doppler effect ; the Faraday effect 
or the Ramsden eyepiece may demand a moment’s re- 
flexion, but the ‘thomas precession, the Ettinghausen 
effect and the de Sitter universe are best left to the 
specialists., A few names—Gauss, Fermi, Debye—are 
overworked. Many of the letters of the English 
alphabet and some of the Greek form a second source 
of widely used adjectives; some are abbreviations 
(for example, F-centre), some form a sequence 
(thus, K-, L-,. . - shells and, hence, K-capture) and 
a few were previously used as symbols (for example, 
k-space). Many new nouns, including isotope, lumen, 
positron, ferrimagnetism, had to be coined, not always 
with the approval of etymologists. 

Electronics uses many of the words of physics, but, 
dealing so much with complex components and with 
effects not found naturally, has also required new 
words. 

The need to define the words and terms of the two 
subjects has long been realized, and both national 
and international bodies have sought to meet it. 
Very few dictionaries have been produced, however, 
so that the new International Dictionary could be 
an important addition. Jts authors are mostly 
American, supported by four from Britain, and they 
have made use of work by American physical and 
radio institutions ; there is no specific reference to the 
British Standards Institution, however, which has 
dealt extensively with terminology in branches of 
applied physics and in radio. 

The definitions given in the new Dictionary are well 
worded and the fuller explanations given of many of 
the commoner terms will be of value to students. 
The cross-referencing is adequate and a sense of pro- 
, portion is maintained between pure and applied 
* physics and between the abstract and the concrete. 
The excellent definitions of the many mathematical 
theorems, functions, equations and operations used 
in the two subjects deserve special mention. Terms in 
physical chemistry and in meteorology are included, 
but the extent to which the meteorological terms will 
be consulted may not justify their inclusion. 

If a few criticisms are made they must not be read 
as detracting seriously from the value of the Diction- 
ary. The diagrams, though not numerous (one is 
given twice, however), are not always well chosen ; 
some electronic circuits are too complex and do not use 
uniform symbols. Some words, such as vocoder and 
frequency changer, mean different things in America 
and Britain, but only the American meanings are 
given. Finer differences between British definitions 
and those of America may cause a little confusion also. 
Does the H-layer of the ionosphere extend from 
100 to 150 km. (British Standards Institution) or from 
90 to 160 km. (as this Dictionary says)? Is a wave im- 
pedance deduced from transverse components (British 
Standards Institution) or from appropriate compon- 
ents (this Dictionary) ? Although the entries total 
about 10,000, the following are some of those omitted : 
Bitter patterns, Nyquist diagram (or criterion), 
square-loop material, forward scatter, guard-ring, 
Vickers hardness (Brinell, Rockwell, Bierbaum and 
Moh are inciuded), types of diamond, superfluidity 
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(superfluid occurs in the definition of heat flush), 
Heaviside calculus, delta modulation, photodiode, 
exsium clock and Ayrton—Perry winding. The titles 
of articles in a recent issue of an American physics 
journal contained several words not included (for 
example, super-paramagnetism and granulometry), but 
the fault could sometimes be with authors who coin 
new words before the need is fully established. 

The distinction between the Zener and the aval- 
anche effects is not made clear. Some American trade 
names of magnetic materials are included, for ex- 
ample, ‘Hypernick’ and ‘Hypersil’, but some, usually 
European, names of long standing, such as ‘Stalloy’, 
‘Alnico’ and ‘Radiometal’, are not. The entries of 
some non-metric units might have been shortened to a 
few tables, or omitted. The editors were perhaps com- 
pelled to include such inelegant terms as _ blacker- 
than-black, bottoming (topping presumably for a 
p-n-p transistor), breakoffski, ‘hot’ (highly radio- 
active) and scram (to shut down a reactor) ; let their 
inclusion be a warning to scientists of language 
degradation. 

Mistakes or misleading statements are rare. 
Meacham is misspelt once ; electron diffraction does 
not show the wave-like character of electron beams, 
and frequency and non-linear distortion are better 
termed attenuation and amplitude distortion re- 
spectively. The dictionary can certainly be paid the 
compliment of being interesting ; indeed, one has to 
guard against the risk of becoming so absorbed in the 
entries on the page at which it happens to open— 
and in the cross-references that one is led to—as to 
forget the particular entry that one intended to 
consult. J. R. Truman 


SWEDISH EXPLORATION IN 
SOUTH AFRICA 


South African Animal Life 

Results of the Lund University Expedition in 1950- 
1951. Edited by Bertil Hanstrém, P. Brinck and 
Gustaf Rudebeck. Vol. 1: Pp. vi+518. Vol. 2 
Pp. viit576. Vol. 3: Pp. vi+492. (Stockholm: 
Almavist and Wiksell, 1955 and 1956.) 68 Sw. Kr. 
per volume. 


INNAEUS once wrote: ‘There is no place in 
the world with so many rare plants, animals, 
insects, and other wonders of Nature as Africa, and 
it seems as if they have been concentrated to the 
Cape”. This interest in the flora and fauna of South 
Africa was shared by a number of Swedish naturalists, 
and a three hundred years old history of Swedish 
endeavour in this field culminates in a recent expedi- 
tion organized by Prof. Bertil Hanstrém, and executed 
by Drs. Per Brinck and Gustaf Rudebeck, accom- 
ied and assisted by their wives, Mrs. Gunvor 
Brinck and Mrs. Inga Rudebeck. The expedition, 
which was supported by grants from the Swedish 
Natural Sciences Research Council and from private 
funds, started in October 1950 and returned to 
Sweden in August 1951. Im collaboration with 
South African biologists and biological institutions, 
large collections chiefly of invertebrate material were 
made from more than 350 localities in the Cape, 
Orange Free State, Natal, Transvaal, South-West 
Africa, Bechuanaland, Northern and Southern 
Rhodesia, Swaziland and Basutoland. On the whole, 
most of the collections were made from terrestrial 
and limnic biotopes, and they are the largest ever to 
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reach the Zoological Institute at Lund. From there 
they have been distributed to more than a hundred 
specialists in about twenty countries, and the results 
of their findings are to be published in a work of 
eight volumes under the title: “South African 
Animal Life”. Three of these volumes have already 
appeared. Vol. 1 contains an introduction by Bertil 
Hanstrém, a short history of Swedish exploration of 
South African animal life during two hundred years, 
by Per Brinck, and a list of localities investigated by 
the expedition, by Per Brinck and Gustaf Rudebeck. 
Chapters 3-6 deal with Turbellaria, -Solifugae, 
scorpions and Pedipalpi, Pseudoscorpionida, and a 
monograph on the whirligig beetles. Seventeen 
chapters on the Symphyla, Chilopoda and Insecta, 
and a first chapter on birds form the contents of Vol. 2, 
and Vol. 3 deals with a further eighteen insect groups, 
besides two chapters devoted to the Ixodoidea, and 
the Proterospermophora among the Diplopoda. 

In the interest of speedy publication of the material, 
accounts of the various groups will appear as they are 
completed and not in systematic order. From the 
first three volumes it is abundantly clear that the 
series will make important contributions to our 
knowledge of the taxonomy and distribution of 
South African terrestrial and freshwater invertebrates 
and also vertebrates, as well as to the solution of the 
problems of the development, evolution, and age of 
the relic fauna of the southern part of the African 
Continent. The volumes are excellently produced, 
and are well illustrated by clear line drawings, maps 
and photographs. It is naturally impossible in this 
context to scrutinize the taxonomic merits of the 
individual contributions. Short articles on the 
zoogeography and ecology of groups, keys and check 
lists, and extensive bibliographies, add to the value 
of the taxonomic accounts. 

We are witnessing here the birth of a faunistic 
work of great importance which, I am certain, will 
become a classic in its field. A courageous enterprise, 
inspired, no doubt, by Linnaean tradition, it sprung 
from an idea which occurred to Prof. Hanstrém while 
on a visit to South Africa for the purpose of collecting 
mammalian material for endocrinological studies. 
Collections of invertebrates made during field 
excursions convinced him of the justification for a 
special expedition equipped with modern ideas and 
tools, and after his return he succeeded in organizing 
an enterprise on which collectors, taxonomists and 
editors alike are to be congratulated. 

O. LOWENSTEIN 


OXINE AND ITS DERIVATIVES 


Oxine and its Derivatives 

By R. G. W. Hollingshead. Vol. 3: Derivatives of 
Oxine—Part 1. Pp. vi+617-896+16. Vol. 4: 
Derivatives of Oxine—Part 2. Pp. vi+897-1211+41. 
(London : Butterworths Scientific Publications, 1956.) 
42s. each volume. 


HESE two volumes bring to completion a work 

of over 1,200 pages on 8-hydroxyquinoline 
(oxine) and its derivatives. This substance, known 
since 1880, was not used as an analytical reagent until 
forty-five years later. A short monograph on its 
use was published by Berg in 1933 and many original 
papers have been written in recent years. The 
preceding two volumes which appeared in 1954 gave 
an exhaustive account of the reagent and of its 
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behaviour with almost every metal and in great 
detail. The main use of oxine is as a precipitant for 
aluminium, magnesium and zinc, but innumerable 
other applications in analysis were reviewed, some 
of which may stand the test of time. The author had 
preferred to include everything rather than to make a 
critical selection. 

The third and fourth volumes, which have now 
appeared, are devoted to derivatives of 8-hydroxy- 
quinoline, including its salts. Analytical applications 
are less numerous in these volumes, which are very 
largely concerned with descriptive organic chemistry. 
8-Hydroxyquinoline, its salts and various derivatives 
have proved useful as bactericides, amcebicides and 
fungicides, and a chapter is finally devoted to a survey 
of theories and experiments on their mode of action 
in these respects. 

The author is to be congratulated on a magnificent 
work of compilation. The volumes are excellently 
produced, with a subject-index to each volume, and 
in Volume 4 there is also a patent index and an index 
of authors. It is perhaps regrettable that a combined 
subject-index was not provided. The references to 
the literature include items extending into 1956. 
However, much of the descriptive chemistry, which 
greatly adds to the bulk of these two volumes, might 
have been curtailed or omitted, for any research worker 
in this field would certainly consult the original papers. 
The question may be asked : Can we afford publication 
on this scale about every organic compound which 
has practical applications ? G. M. BENNETT 


THERMOCHEMISTRY 


Experimental. Thermochemistry 

Measurement of Heats of Reaction. Edited by 
Frederick D. Rossini. (Prepared under the Inter- 
national Union of Pure and Applied Chemistry by 
the Sub-Commission on Experimental Thermochem- 
istry.) Pp. xv+326. (New York: Interscience 
Publishers, Inc.; London: Interscience Publishers, 
Ltd., 1956.) 7.80 dollars. 


HIS book, which is written by experts for experts, 

deals chiefly with organic compounds ; inorganic 
substances are scarcely discussed. The volume 
opens with a chapter entitled “General Principles of 
Modern Thermochemistry”, taken mostly from 
“Chemical Thermodynamics’, by F. D. Rossini 
(1950), and closes with a chapter by the same author 
entitled ‘“‘Assignment of Uncertainties to Thermo- 
chemical Data’, taken from Rossini and Deming 
(J. Wash. Acad. Sci., 29, 416; 1939). The other 
twelve chapters which contain original contributions 
discuss fundamental constants; the calibration of 
calorimeters for flame and bomb reactions ; standard 
states and corrections; and the combustion of 
organic oxygen, nitrogen, sulphur, chlorine, bromine 
and iodine compounds. Reactions other than com- 
bustion are treated in ten pages while the micro- 
calorimetry of slow phenomena occupies fifty pages. 
A brief section deals with physicochemical standards 
for thermochemistry and the book ends with an 
inadequate subject-index of two pages containing 
references to ninety-nine items. 

A beginner will not find here sufficient drawings or 
descriptions of apparatus to enable him to start work. 
Indeed he would search this book in vain for a 
description of the exact conditions necessary to ensure 
complete combustion when he calibrates his bomb 
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calorimeter by using benzoic acid. On p. 40 he will 
find that “If any soot is fouid outside the crucible, 
the experiment is rejected. . . . The weight of any 
soot found in the crucible is determined’’. However, 
p. 44 reveals that it is not easy to determine the 
weight of this soot. On p. 135 he will read, ‘‘In the 
benzoic acid experiments it is found that, with the 
proper crucible and pelleting, complete combustion 
occurs in all but a very few experiments”. Neverthe- 
less, he may receive some encouragement from the 
statement (p. 291) that “benzoic acid will burn com- 
pletely to form carbon dioxide and water under proper 
conditions but that the investigator must be alert 
to the possibility of incomplete combustion”. He 
may well conclude that there is much art in this 
science. One disadvantage of having employed 
thirteen writers to prepare this book is that certain 
subjects (for example, the corrections to standard 
states) have been treated several times. The oppor- 
tunity should be taken in later editions to unify the 
text so that the space saved may be devoted to more 
detailed information on experimental procedures. 
E. F. G. Hzrmeton 


DIFFERENTIAL EQUATIONS 


Differential Equations 

By 8. V. Fagg. (Applied Mathematics Series.) 
Pp. 128. (London: English Universities Press, Ltd., 
1956.) 7s. 6d. net. 


Differential Equations 

By Prof. Harry W. Reddick and Prof. Donald E. 
Kibbey. Third edition. Pp. ix+304. (New York: 
John Wiley and Sons, Inc.; London: Chapman and 
Hall, Ltd., 1956.) 36s. net. 


Elementary Differential Equations 

By William Ted Martin and Eric Reissner. (Addison- 

Wesley Mathematics Series.) Pp. xi+260. (Cam- 

bridge, Mass. : Addison-Wesley Publishing Company, 

Inc., 1956.) 5.50 dollars. 

Ordinary Non-Linear Differential Equations in 
Engineering and Physical Sciences 

By Prof. N. W. McLachlan. Second edition. Pp. 

x+271. (Oxford: Clarendon Press; London: 

Oxford University Press, 1956.) 35s. net. 


Partial Differential Equations 
By Prof. G. F. D. Duff. Pp. x+248. 
University of Toronto Press; London: 
University Press, 1956.) 35s. net. 
Transactions of the Symposium on Partial Differen- 
tial Equations 

Held at the University of California, Berkeley, June 
20-July 1, 1955. Editorial Committee: N. Arons- 
zajn, A. Douglis and C. B. Morrey, Jr. (Sponsored by 
Office of Naval Research; University of California, 
Berkeley, Calif.; University of Kansas, Lawrence, 
Kan.; and the American Mathematical Society.) 
(Reprinted from Communications on Pure and Applied 
Mathematics, Vol. 9, No. 3, issued by the Institute of 
Mathematical Sciences of New York University.) 
Pp. vi+334. (New York: Interscience Publishers, 
Inc. ; London: Interscience Publishers, Ltd., 1956.) 
6.50 dollars. 

HE sex of six books under review divides naturally 

into two parts : three elementary text-books and 
three advanced expositions, one of which is a collec- 
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tion of papers delivered at a symposium. The text- 
books overlap considerably in content with various 
others on the same subject which are already in 
print, and it is perhaps unfortunate that so many 
elementary texts on differential equations are avail- 
able. The time must surely come when a rationaliza- 
tion of policy with regard to the publication of techni- 
cal text-books will emerge ; but that time is not yet, 
and meanwhile students and teaching staffs have to 
face a baffling array of books covering much the same 
ground in the process of making a choice. 

The book by Fagg has the merit of brevity (and 
hence low price) and it discusses numerous practical 
examples. Its appeal is at the school level, except 
for a chapter on the Laplace transform designed to 
whet the appetite of the more serious reader. Reddick 
and Kibbey also emphasize practicality, but their book 
is more extensive (although still elementary) and the 
third edition contains some new features, such as 
sections on partial differential equations and the 
adjoint equation, together with many new exercises. 
Martin and Reissner have written a book for students 
of science and engineering who ‘need to know 
mathematics rather well’. Their text covers more 
ground than the two previous books and, in addition 
to a chapter on finite difference equations, describes 
methods for solving various heat-transfer problems. 

The three other books are much more advanced and 
deal with research. topics. McLachlan’s book, a 
revised version of the 1950 edition, is based on lectures 
given to graduate students at the Universities of 
Illinois and Washington and at Michigan State 
University. Its purpose is “to provide engineers and 
physicists with a practical introduction to . . . non- 
linear differential equations, and to give representa- 
tive applications in engineering and physics’’. This 
it does exceedingly well. It is not an analytical 
treatise with technical applications, but rather shows 
“how certain types of non-linear problems may be 
solved, and how experimental results may be inter- 
preted by the aid of non-linear analysis’. Included 
are chapters on equations having periodic coefficients 
or periodic solutions. Graphical and numerical solu- 
tions are emphasized, and four theorems are presented 
for dealing with singular points and stability criteria. 
The book should be of particular value to engineers 
concerned with control problems. 

The theory of partial differential equations con- 
tinues to develop ; and Duff’s book describes particu- 
larly advances which have been made over the past 
twenty years. Equations of the first and second 
orders are discussed ‘‘from the tensor calculus point 
of view’, which is general and penetrating. There 
is a chapter on linear integral equations and another 
on the integration of the wave equation. The latter 
is concerned primarily with the method of Riesz, 
involving integrals of fractional order. The exposition 
is concentrated in places and the book is definitely 
one for the pure mathematician or very theoretical 
physicist. 

The last book records most of the lectures given at a 
symposium. These lectures, delivered by specialists, 
cover a wide field. Some deal with local or regularity 
properties of solutions, others with equations arising 
in applied mathematics, and still others with numeri- 
cal solutions and estimates for eigenvalues. A glance 
at the contents list reveals a very healthy activity in 
research on differential equations, and the current 
deep and widespread interest in the subject justifies 
the appearance of the books under review. 

L. 8. GoppaRD 
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British Trees 

A Guide for Everyman. By Miles Hadfield. Pp. 
xxv + 468 (150 full-page drawings). (London: J. M. 
Dent and Sons, Ltd., 1957.) 30s. net. 


M®* M. HADFIELD has produced a thoroughly 
reliable and readable book on the trees to be 
found in the British countryside, in plantations and 
in gardens. “British Trees” is perhaps a misnomer 
for a book that describes the ‘monkey puzzle’, 
Douglas fir, Japanese larch, Atlantic cedar, deodar, 
Bhutan pine, Corsican pine, Monterey pine, tulip 
tree, catalpa and dozens of others which are not 
indigenous to Britain but are perhaps so common as 
almost to be considered native. The arrangement 
followed is that of Rehder in his “Manual of Culti- 
vated Trees and Shrubs”. Each species treated is 
illustrated by clear line drawings to scale which show 
the leaf, long and short shoots, buds, flowers and 
fruit. These should render identification easy. The 
text gives a description of the species and also much 
interesting and entertaining information about the 
tree, its variations and its forms. The diseases and 
pests to which the species are prone are also men- 
tioned. 

The book is well got up and printing errors and 
mis-statements are few, though the compositor went 
astray with’ the epithet ‘bignonioides’, since the 
variants “bignoniodes’ and ‘bignoniodies’ are to be 
found in the index. Gleditsia is recorded as having a 
smooth bark. That may be true, provided one dis- 
regards the fearsome branched thorns one finds 
upon it. 

The author holds strong views about botanical 
nomenclature. ‘Botanical nomenclature, unlike 
botanical classification, is empirical, unscientific, and 
occasionally grossly misleading.’ I, myself, hold 
strong views about his strong views and will be con- 
tent to call this statement grossly misleading. This 
clash of opinions will not prevent me from recom- 
mending this work as a really excellent reference 
book, which should find its place on the shelves of 
every tree lover. N. L. Bor 


New Pathways in Cellular Pathology 

By Prof. Gordon Roy Cameron. Pp. vii+90. 
(London: Edward Arnold (Publishers), Ltd., 1956.) 
16s. net. 


N 1954 and 1955 Prof. G. R. Cameron gave’ two 

lectures in Leeds and Dublin on the cell, which 
aroused so much interest that he was persuaded to 
expand them into a' monograph, and this attractive 
little book is the result. He summarizes modern 
views on the different parts of the cell, with chapters 
on cell-surface, cytoplasm, nucleus, mitochondria, 
microsomes and other cell components. There are 
forty-two figures showing sections of tissues, enlarged 
with optical microscopes and with electron micro- 
scopes, and diagrams of cell structure and of bio- 
chemical changes. The whole book can be read in an 
hour or two, and it gives an interesting picture of the 
way modern pathologists have not only been able to 
use new techniques to extend our knowledge of 
structure but have also started to find out some- 
thing about the biochemical functions of the different 
structures. 

Some of the best parts of the book are based on 
work done in Prof. Cameron’s own laboratory and 
covér a wide range of topics. In recent years he and 
his colleagues have, for example, shown that some 
of the effects of thioacetamide on the respiration of 
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liver cells are due to the accumulation of calcium in 
the liver. They have obtained evidence that much 
of the damage done by carbon tetrachloride is due to 
physical changes in the mitochondria, which lose 
coenzymes and eventually become converted into 
vacuoles. They have managed to produce copper 
deficiency in rats, and found it to be associated with 
a failure to synthesize phospholipid and eventually 
with loss of cytochrome oxidase in the mitochondria. 
Such studies are throwing fundamental light on 
pathological processes. This book opens the window 
to a view of the pathology of the future. 
J. H. Gappum 


Le Ciel et la Terre 

André Danjon, Pierre Pruvost, Jules Blache (Direc- 
teurs). (Tome IIT de l’Encyclopédie Frangaise.) Pp. 
452 +32 planches. (Paris: Librairie Larousse, 1956.) 
Cartonnage souple, 7,450 francs; similoid, 8,850 
francs ; parchemin véritable, 11,950 francs. 


N this unusual volume, thirty-six leading French 
astronomers, geologists and geophysicists have 
co-operated in the production of a remarkably com- 
plete and readable guide to modern developments in 
their respective fields. About one-third of the book 
(140 large quarto pages of text and most of the plates) 
is devoted to astronomy and is divided into four 
sections: ‘The Earth and Solar System’’, ‘““The Sun 
and Stars”’, “Galaxies” and ‘““Evolutionary Problems”’. 
The remainder is divided into three sections: ‘The 
Terrestrial Globe’, “‘The Earth’s Crust’’, and ‘“‘The 
Formation of the Earth’s Relief”. Each section is 
divided into one or more chapters, which in turn 
contain articles contributed by various authors. The 
book is bound in a loose-leaf filing system, so that it 
may be kept as up to date as possible by adding 
further articles from time to time as they are 
published. 

The authors have succeeded in compressing a large 
amount of information into a few words in such a 
way that the results and the main lines of argument 
stand out very clearly; the reader is then referred 
to other works for the detailed theoretical and 
experimental developments. The emphasis is on the 
results of recent research throughout, the more 
‘classical’ fields being only briefly summarized. The 
illustrations are excellent, and the editors have suc- 
ceeded in welding the various contributions into a 
coherent and unified text. Only the bibliography (at 
the end of the book) appears to be somewhat too 
restricted. BERNARD PAGEL 


Reports on the Progress of Applied Chemistry 


Vol. 40, 1955. Edited by H. 8. Rooke. 
(London: Society of Chemical Industry, 
60s. 


Pp. 1000. 
1956.) 


HIS very useful annual review of progress in 

chemical industry continues to maintain its 
position as a guide to a very large field of work. The 
articles are written by specialists and cover the litera- 
ture very adequately. The one on the corrosion of 
metals, for example, dealing with the work of one 
year, has 150 references. In some cases, as in the 
section on animal and vegetable oils, there are sum- 
marizing tables. There is an interesting description 
of radioactive tracer elements, and the section on 
synthetic fibres records progress in this field. Very 
complete indexes make it easy to find information on 
any topic dealt with in the book. 

J. R. PaRtiInGTon 
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THE JODRELL BANK RADIO TELESCOPE 


By Pror. A. C. B. LOVELL, O.B.E., F.R.S. 


HE large radio telescope which has been built at 
the Jodrell Bank Experimental Station of the 
University of Manchester is nearly complete. It is 
frequently stated that the instrument is the largest 
radio telescope in existence. This is quite erroneous 
without a good deal of qualification. The telescope 
is essentially a paraboloidal steel bowl 250 ft. in 
diameter, with the focus in the aperture plane, built 
so that it can be directed towards any part of the 
sky. It is, therefore, relatively small compared with 
many radio telescopes elsewhere. For example, 
aerials of the ‘Mills Cross’ type have been built 
with an extension of more than a mile, and even one 
element of Ryle’s adjustable cylindrical parabolic 
interferometer system which is nearing completion 
near Cambridge has a 50 per cent greater surface area. 
Nevertheless, the instrument at Jodrell Bank is 
believed to be by far the largest completely steerable 
pencil-beam type of radio telescope in existence, 
although considerable uncertainty 
exists as to the Russian facilities in 
this type of work. Its nearest 
operational competitors in size are 
the 80-ft. diameter telescopes at 
Dwingeloo in Holland, and near 
Bonn in Western Germany, al- 
though both these instruments are 
figured to a much higher degree of 
accuracy and are designed for work 
on much shorter wave-lengths than 
the Jodrell Bank telescope. In the 
next few years it is expected that 
90-ft. aperture radio telescopes will 
be built at the California Institute of 
Technology, a 140-ft. instrument for 
the U.S. National Radio Observa- 
tory of Associated Universities 
Incorporated at Greenbank, Vir- 
ginia, and one of 200- to 300-ft. aper- 
ture near Sydney. Hence, even 
although the British instrument has 
taken two years longer to build 
than originally specified, it is likely 
to rank as the major instrument of 
this type for radio astronomical 
research for a considerable time. 
The engineers responsible for the 
telescope are Messrs. Husband and 
Co., of Sheffield and London. When 
the idea for the instrument was first 
put forward in 1948 and 1949 many 
engineers refused to consider the 
vossibility of its construction. Mr. 
H. C. Husband, however, believed 
that the task could be accomplished, 
and the results of his work and of 
his team of designers now stand 
in the shape of more than two 
thousand tons of steel on the 
Cheshire phiin.. In principle the 
motion of the) telescope is altazi- 
muth. The bowl, which weighs 
about seven hundred tons, is driven 





in elevation by a Ward—Leonard system through two 
27-ft. racks from the dismantled battleship Royal 
Sovereign. These are mounted 170 ft. above ground 
on two towers which themselves rotate on a 350-ft. 
railway track to give the motion in azimuth. The 
drive is through two bogies under each tower, again 
through a Ward-—Leonard system. Four additional 
bogies, which are undriven, serve as wind car- 
riages on each side of the structure. The towers 
are connected near ground-level through a heavy 
diametral girder system supported on the central 
pivot which is the fundamental locating part of the 
telescope. The power and instrumental cables come 
through this central pivot into a motor room situated 
within the diametral girder immediately above the 
central pivot. This room contains the motor generator 
sets and controls for the Ward—Leonard system. 

The 17-ft. gauge double railway track on which the 
telescope rotates is mounted on deep-piled foundations 


Fig. 1. The Radio Telescope at Jodrell Bank nearing completion. In the foreground 
is Prof. A ell 
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which extend in some places to 90 ft. underground. 
The various power, control and instrumental cables 
are taken into an annular laboratory underneath the 
central pivot and then through an underground tunnel 
to the control room. This control room houses the 
main control racks and console. The vomputer 
system consists of magslip resolvers working in 
servo loops to solve the necessary equations in 
order that the telescope can be given a sidereal 
movement. A wide range of movements can be 
selected at the control desk, for example, automatic 
sidereal motion at a given right ascension and declina- 
tion, motion in galactic latitude and longitude, 
straightforward motion in azimuth and elevation, and 
various automatic scanning movements with a choice 
of rasters. Parallax corrections can also be introduced 
when it is desired to track a body in the solar system. 
There are no slip rings so that the danger of creating 
electrical interference is avoided, and the limit oi 
motion is 420 degrees, after which an automatic 
reversal takes place. 

The specification calls for a tracking accuracy of 
at least 12 minutes of are at speeds up to 4 degrees 
per minute. The maximum slewing speed is about 22 
degrees per minute in azimuth and elevation. The 
position of the telescope in azimuth and elevation is 
repeated back to the control room through magslips 
driven by accurately machined chain racks inde- 
pendently of the driving system. The specification 
requires these positions to be repeated to an accuracy 
of + 1 minute of are. 

The reflecting membrane is of ;y in. thick steel sheet 
welded from 7,000 individual sections of about 3 ft. x 
3 ft. on to the purlins of the steel framework. It has 
been essential to ensure good conductivity across these 
welded sections otherwise the membrane would 
become very lossy at certain wave-lengths. The 
primary aerial feed is carried at the focus on a steel 
tower built up 624 ft. from the apex of the paraboloid. 





Fig. 2. Underside of the bowl showing the apebieies 4 stg 
which is 280 ft. in diameter, and the hanging la! 
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aperture radio telescope as a function of wave-length 


This tower diminishes in cross-section rapidly with 
height in order to avoid obscuration and scattering 
from the primary feed. It was, however, essential 
to design it with sufficient stiffness so that no dis- 
placement occurred as the bowl turns over. An 
important scientific requirement is that easy access 
can be attained to the primary feed so that the 
operational wave-length can be changed readily. 
Originally it was intended to have an access tower 
which could move out on tracks on top of the dia- 
metral girder to put the operator in reach of the aerial 
when the bowl was inverted. This was later aban- 
doned in favour of a system whereby the aerial is 
mounted on a 50-ft. steel tube which slides into the 
top of the aerial tower. With the bowl inverted this 

can*be winched down to ground-level and replaced 
by another'50-ft. tube complete with aerial system. 
The radio-frequency cables from the aerial run inside 
this tube and can be reached from a small platform 
near the base of the tower when the bowl is facing 
towards the zenith. 

In much of the work it will be necessary to 
mount the radio-frequency pre-amplifiers and other 
parts of the receiving equipment as close as possible 
to the aerial. These essential units will be contained 
in @ small laboratory which swings underneath the 
bowl. Further laboratory space is available at the 
tops of the two towers, but even from those the 
minimum length of cable run to the primary feed is 
about 200 ft. Other scientific apparatus will be 
installed on the base girders ; but the main recording 
apparatus will be in laboratories adjacent to the 
control ‘room. 

From "the astronomical point of view the success 
of the engineers will be judged by the accuracy with 
whichSthe telescope moves and the extent to which 
the reflecting membrane retains its paraboloidal 
shape in different aspects and under various wind 
conditions. The theoretical curves showing the beam 
width “and *; ‘power gain as a function of wave-length 
are shown in Fig. 3. Calculations have been made 
of the effect of irregularities in the membrane 
on the power gain, from which it is clear that, except 
at very short wave-lengths for which the telescopeis not 
primarily designed, large distortions are permissible 
without any appreciable effect on the performance 
of the telescope. During the next few months it is 
hoped to begin the scientific programme by establish- 
ing these curves on an experimental basis by observing 
certain radio sources at different azimuths and eleva- 
tions over a range of wave-lengths. 
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Those interested in the immediate scientific 
programme of the radio telescope may be referred 
to the forty-seventh Kelvin Lecture’, where its 
tasks are set against the current background of 
knowledge in radio astronomy. It is sufficient to 
remark at this stage that all the developments 
which have occurred in radio astronomy during 
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the past years have served to underline the 
importance of this telescope. With this instru- 
ment, together with the large interferometric 
systems in Cambridge, Great Britain can reasonably 
look forward to a most fruitful period in radio 
astronomy. 

1 Lovell A. C. B.. Proc. Inst. Elec. Eng., 108, 711 (1956). 


THE NON-TOXICITY OF MALEIC HYDRAZIDE FOR 
MAMMALIAN TISSUES 


By Dr. J. M. BARNES and Dr. P. N. MAGEE 


Toxicology Research Unit, Medical Research Council 
Laboratories, Carshalton 


Pror, E. BOYLAND, Pror. A. HADDOW and Pror. 
R. D. PASSEY 


Chester Beatty Research Institute, Fulham Road, 
London, S.W.3 


Pror. W. S. BULLOUGH 


Department of Zoology, Birkbeck College, 
London, W.C.1 


| a 1949 maleic hydrazide (1), 1: 2-dihydro- 
pyridazine-3 : 6-dione, was introduced as 4 
plant growth regulator and has since found a number 
of important commercial uses as a selective weed 
killer and as a depressant of plant growth in a variety 
of circumstances. The mode of action of maleic 
hydrazide on the plant cell is not clearly understood. 
There is some evidence that it may interfere with 
the metabolism or action of the natural growth 
regulators of plant cells (auxins)?. 


(1D) 


By the conventional tests used to study mam- 
malian toxicity, maleic hydrazide appears to be 
virtually harmless, and large doses are tolerated by 
rats, mice, guinea pigs, dogs and hens. The LD50 
for rats is stated to be 4 gm./kgm. and rats were 
unaffected by a life-time on a diet which contained 
up to 1 per cent maleic hydrazide*. In confirmation 
of-this, we observed in preliminary experiments no 
effect on the growth of young rats receiving a diet 
containing 1 per cent maleic hydrazide. The fact 
that the growth of plant cells may be affected by 
concentrations of 0-001 per cent suggests that the 
action of maleic hydrazide is in some way specific 
for plant, as distinct from mammalian, tissues. How- 
ever, during the study of the action of maleic 
hydrazide on Vicia faba roots, Darlington and 
McLeish‘ found that the arrest of cell division was 
accompanied by chromosome breakage. They noted 
that maleic hydrazide causes breakage of the hetero- 


Dr. C. N. D. CRUICKSHANK 


Unit for Research on the Pathology of the Skin, 
University of Birmingham 


Dr. M. H. SALAMAN 


Cancer Research Department, London Hospital Medical 
College, London, E.| 


AND 


Pror. R. T. WILLIAMS 


Department of Biochemistry, St. Mary’s Hospital Medical 
School, London, W.| 


chromatin of the plant cells, whereas X-rays break 
only the euchromatin. Nevertheless, they concluded 
as follows: ‘“‘Since nearly all chromosome breaking 
agents have so far proved to be cancer producing as 
well, we must hope that the agricultural use of this 
new agent will not be encouraged before suitable 
tests are made’’. 

What follows is a summary of the work that has 
been done since the above communication appeared, 
in an attempt to show whether or not maleic hydrazide 
possesses any carcinogenic properties for mammalian 
tissues. In the meanwhile, the warning had been 
taken very seriously by makers and users of maleic 
hydrazide in Britain, and the use of maleic hydrazide 
has been restricted to situations where contamination 
of food crops would not occur. Nevertheless, there 
are potential uses for maleic hydrazide in suppressing 
sprouting of stored vegetables, for example, where 
food contamination might take place. Apart from 
the specific problem as it relates to maleic hydrazide, 
this account illustrates some of the difficulties of 
accumulating satisfactory evidence in order to sub- 
stantiate the negative assertion that a given sub- 
stance is not a carcinogen. 

Soon after Darlington and McLeish’s communication 
appeared, experiments were started at the Chester 
Beatty Research Institute in which solutions of maleic 
hydrazide (1 c.c. of the diethanolamine salt, each c.c. 
containing 5 mgm.) were injected subcutaneously at 
approximately weekly intervals for fourteen months 
into rats. Of the total of fifty-two rats so treated in 
two experiments, three developed sarcomata, whereas 
of the controls receiving saline none developed 
tumours. Although rats develop sarcoma after the 
injection of foreign materials, the incidence in this 
particular experiment was unusually high and a 
further experiment was planned using rats and mice. 
The results from this experiment are s i 
in Table 1. Groups of young males and females of 
each species were given maleic hydrazide either by a 
weekly subcutaneous injection of a dose of 500 
mgm./kgm. (monosodium salt) in aqueous solution or 
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Table 1. TEST FOR CARCINOGENIC PROPERTIES OF MALEIO HYDRAZIDE ON RATS AND MICE 
| ; iis 
| Species Rats fs Mice 
| Route of administration Injection Feedi Injection Feeding 
| 500 gap /kgm./week 1 per cent sealeie? hydrazide 500 mgm./kgm./week 1 per cent maleic Saodeunide 
| Sex M Female Male Female Male Female Male Female 
Group C = Control 94 T Cc ) id Cc T Cc v Cc Mg Cc , Cc rf Cc T 
| T = Treated 
Numbers : . 
1. Start 10 14 10 15 r 10 15 10 15 10 15 10 12 10 15 10 15 
| 2. Alive at 52 weeks 8 12 10 15 8 13 8 14 10 15 10 12 10 15 9 15 
3. Alive at 100 weeks 4 2 2 5 3 4 4 5 0 0 6 3 3 4 3 4 
| 4. Histological exam- 
ination 9 11 9 15 8 14 9 14 3 7 7 7 3 9 4 8 
2 6 0 1 5 3 3 6 


| 5. Autopsy only* 
| Average survivalt 




















(weeks) 84 72 88 72 85 67 61 76 83 85 81 83 94 89 
Range 38-98 7-90 61-99 52-93 | 17-98 25-96 8-83 38-96 | 72-91 57-89 73-93 71-89 | 77-98 79-99 19. 97 7708 
Gain in weightt (gm. in 
first 52 weeks) 406 360 206 228 272 263 177 = 163 
Tumours : 
Malignant 0 0 1 1 0 1 1 0 0 0 1 0 0 1 
Lymphoma 2 0 0 1 1 0 0 0 0 0 4 2 0 0 0 1 
Benign 0 0 3 5 0 a,” 2 3 1 4 2 { 1 2 0 5 
Total 2 0 4 7 1 2 2 4 1 4 6 5 1 2 0 7 
* In many mice autolysis was too far advanced to make ——e examination worth while. 
+ The survival time of those animals that died in less than 100 
t Rats receiving the diet as a powder grow less rapidly and do Any reach the final weight of those receiving the diet as cubes. 
received a standard diet (MRC 41 in powder form) twenty-nine rats received weekly subcutaneous 


containing 1 per cent maleic hydrazide added as a 
dry powder. The experiment ran for 100 weeks. 
Control animals received weekly injections of the 
same volume of saline or the same powdered diet 
without the addition of maleic hydrazide. Unless 
post-mortem autolysis was advanced, macroscopical 
and microscopical examinations of all the dead 
animals were carried out. As the majority of the 
animals were aged at the time of their death, they 
showed a wide range of pathological changes in their 
organs, particularly in the lungs and kidneys. 
Clearly maleic hydrazide had no effect on the 
growth and general health of the rats or mice. A 
special search was made for tumours and many 
doubtful lesions were subjected to special and 
independent scrutiny by two of us (R. D. P. and 
P. N. M.). The most common tumours were the 
fibroepithelial mammary tumours in the female rats 
and lung adenomata in mice. These tumours were 
of the types commonly encountered in the ordinary 
laboratory strains of rats and mice. The possible 
malignancy of some of these tumours may be a 
matter of debate, but in this experiment the types 
found in the control animals did not differ from those 
seen in the groups receiving maleic hydrazide. Lymph 
gland tumours (lymphomas) were also seen in both 
species. Tumours of undoubted malignancy included 
two sarcomata and four carcinomata of the lungs. 
When the results were collected it was clear that the 
administration of maleic hydrazide by mouth or by 
weekly injection to rats and mice over a period of 
two years had not resulted in any increase in the 
incidence of tumours (Table 2). In this experiment, 


Table 2, SUMMARY OF TUMOURS FOUND IN RATS AND MICE RECEIVING 
MALEIC HYDRAZIDE 
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Treated 


ts M 
Treated Control 
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Tumour Control 











1. F ibroepithelial 

mammary tumour 
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| 3. Adenoma of lung 

4. Carcinoma of lung 

5. Hepatoma 

6. Fibroma 

7. Sarcoma 

8. Pituitary adenoma 
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injections of maleic hydrazide, but only one of the 
animals developed a sarcoma at the injection site, 
This contrasts with the figure of three out of the 
total of fifty-two noted in the preliminary experi- 
ment which was carried out on rats of the same stock. 

The possibility that any carcinogenic property 
possessed by maleic hydrazide might be enhanced by 
the administration of a co-carcinogen was tested by 
applying maleic hydrazide with croton oil to mouse 
skin. Two mice developed tumours out of twenty- 
one treated, but seven mice out of fifty-three devel- 
oped tumours with croton oil treatment alone’. 
This finding indicated that maleic hydrazide had no 
tumour-initiating action on mouse skin (for definition 
see Salaman and Roe, Brit. J. Cancer, 7, 472; 1953). 
Further tests for carcinogenicity by prolonged 
application alone to mouse skin were not carried out, 
because so far it has been found that all substances 
carcinogenic for mouse skin are also initiators of 
carcinogenesis in the same tissue. (However, not all 
initiators of carcinogenesis are also carcinogenic in 
mouse skin, though they may be for other tissues.) 

In a further experiment, pellets of cholesterol con- 
taining 20 per cent maleic hydrazide were implanted 
into the bladders of mice. No tumours developed 
in a group of fourteen mice which survived forty 
weeks®, 

Further work was done in order to see whether 
maleic hydrazide displayed any action on growing 
mammalian cells. Large doses (125 mgm./kgm.) were 
given to rats bearing Walker tumours, but no effect 
on tumour growth or cell mitosis was observed. The 
effect on mammalian cells was further examined by 
studying the development of mitosis in fragments of 
mouse ear epidermis grown in a phosphate buffer 
containing glucose. In concentrations from 0-0001 
to 0-001 M, maleic hydrazide had no effect on mitosis 
or cell division in the mouse epidermis. 

Maleic hydrazide was also tested upon skin from 
the guinea pig’s ear grown in tissue culture in a 
medium containing serum, glucose, Krebs—Ringer 
phosphate and streptomycin hydrochloride. Up to a 
concentration of 0-01 M, maleic hydrazide had no 
gross or microscopical effects upon the explants. ‘he 
same concentration of maleic hydrazide was also 
without effect upon the respiration of skin cells 
studied 2 and 22 hr. after adding the maleic hydrazide. 
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An attempt to follow the metabolism of maleic 
hydrazide in mammals was made in a study on 
rabbits. After an oral dose of 100 mgm./kgm., 
43-62 per cent of the maleic hydrazide was excreted 
unchanged within the first 48 hr. With larger doses 
(2 gm.), the unchanged maleic hydrazide was isolated 
and characterized as its benzylamine salt. No other 
metabolites such as glucuronides or ethereal sulphates 
were found, so that the 40 per cent maleic hydrazide 
unaccounted for may either be excreted slowly over 
long periods or else is broken down and destroyed. 

In conclusion, it may be stated with reasonable 
certainty that maleic hydrazide is without significant 
effect on the growth of normal mammals or isolated 
mammalian tissues. This is strong evidence against 
maleic hydrazide having any activity comparable to 
that of well-known carcinogens. The absence of any 
significantly greater number of tumours in male or 
female rats and mice receiving maleic hydrazide by 
two routes over a period of two years makes it 
improbable that it is even a weak carcinogen for these 
species or that some metabolite of maleic hydrazide 
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has any such effect. A further study of the mode of 
action of maleic hydrazide on plant cells may perhaps 
eventually help us to understand why the chromo- 
somes of plant cells but not those of mammalian 
cells are broken when cells are acted on by maleic 
hydrazide. Meanwhile, it seems reasonable to claim 
that proper tests have now been made, and the weight 
of evidence provided by the results of these tests is 
that maleic hydrazide has no carcinogenic properties. 

We wish to thank Mr. C. R. Kennedy (Medical 
Research Council Toxicology Research Unit) for his 
work in maintaining the long-term experiment on 
rats and mice. Messrs. Whiffen kindly supplied a 
specially purified sodium salt of maleic hydrazide for 
the experiment. 


1 Leopold, A. C., and Klein, W. H., Science, 114, 9 (1951). 
* Waggoner, P. E., and Dimond, A. E., Science, 117, 13 (1953). 


* Information from Naugatuck Chemical International, New York, 
U.S.A. 


* Darlington, C. D., and McLeish, J., Nature, 167, 407 (1951). 

* Salaman, M. H., and Roe, F. J. C., Brit. J. Cancer, 10, 363 (1956). 

* Allen, M. J., Boyland, E., Dukes, C. E., Horning, E. S., and Watson, 
J. G., Brit. J. Cancer (in the press). 


ATOMIC ENERGY AND ITS BIOLOGICAL IMPLICATIONS* 


By Sir JOHN COCKCROFT, O.M., K.C.B., C.B.E., F.R.S. 


Director of the Atomic Energy Research Establishment, Harwell 


HE feasibility of the large-scale generation of 

electricity from nuclear energy has been demon- 
strated during the past year by the conamission and 
operation of the Calder Hall nuclear power station. 
This power station, which derives its heat from two 
nuclear reactors, generates 90 megawatts of elec- 
tricity, of which about 20 megawatts are used intern- 
ally to drive the blowers which circulate the carbon 
dioxide gas used for transfer of heat. Most of the 
net output of electricity flows into the British 
National Grid. Our experience in the start-up and 
operation of this reactor has been very satisfactory. 
We have had few troubles associated with the nuclear 
part of the system—indeed, there is very little except 
the fuel elements to go wrong. Each reactor contains 
10,000 fuel elements, cunsisting of uranium rods 
sheathed in a magnesium alloy. The function of the 
sheath is to prevent oxidation of the uranium by the 
hot carbon dioxide gas, and to contain the radio- 
active fission products which are produced in the 
chain reaction. Very great care is taken in the sealing 
of the magnesium cans and only three failures of the 
seals have been discovered in twelve months of 
operation. The failures are due to a slight crack 
developing usually in a weld and a small amount of 
radioactivity leaks into the heat transfer gas. This 
is at once detected by electronic devices and the 
defective fuel element is then removed. In future 
power stations the fuel elements are expected to stay 
in the reactor for four or five years, by which time 
each ton of uranium will have developed the heat 
equivalent of 10,000 tons of coal. At the end of 
this time the chain reaction would slow down, so 


* The substance of the Fison Memorial Lecture delivered at Guy's 
Hospital Medical School on May 31, 





the fuel elements have to be changed. They aro 
withdrawn by a mechanical discharge machine (which 
is heavily shielded) and then sent down a chute into 
a pond, where they lie shielded by a depth of 10 ft. 
or so of water for about 100 days. 

During this time the radioactivity of the short- 
lived radioisotopes decreases. The activity of radio- 
iodine, for example, which has a half-life of eight 
days, decreases about 6,000-fold. The fuel rods are 
then sent to the chemical processing plant at Wind- 
seale and dissolved. In this process the volatile 
fission products, such as radioiodine and the fission 
gases, radioxenon and radiokrypton, are at present 
allowed to escape from a high stack, but the activity 
at ground-level is well below the accepted tolerance 
level. Radioiodine can be detected in the thyroids 
of sheep grazing grass nearby, but again the activity 
is too low to be harmful. 

The other radioactive waste products are separ- 
ated from the spent uranium and the plutonium in 
the chemical plant. The waste products are concen- 
trated by evaporation and then stored in large stain- 
less steel tanks. The actual physical volume of the 
waste is very small and the cost of storage of the 
wastes is likely to contribute only 1 or 2 per cent 
to the cost of nuclear power. We have started to 
separate from the waste products radioactive cesium 
and strontium and to use these for medical and 
industrial purposes. Thus a new 1,000-curie source 
of radiocesium has been made for the Royal Marsden 
Hospital for cancer therapy. The radiocesium emits 
0-662-MeV. gamma-rays and has a half-life of about 
thirty years. It has the advantage of emitting a 
more penetrating radiation than that available from 
most X-ray sets, and requires little or no maintenanee. 
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We expect to produce about ten such sources a 
year for the next two or three years, and after 
that to produce still larger sources for industrial 
use. 

Besides these highly radioactive wastes, we usually 
have radioactive effluents arising from plant washings, 
laundering clothes and so on. We treat these in an 
effluent-treatment plant and reduce the activity ten- 
or twenty-fold by standard precipitation methods. 
The remaining activity is then so low that it can be 
dispersed through a large pipe-line into the sea, 
where normal mixing processes dilute it into about 
10'* em.® in the course of a single day, by which time 
the average of activity is within the Jevel at which 
it could be drunk safely if it were not saline. Exten- 
sive biological monitoring of the activity levels in 
fish, seaweed and on beaches ensures that the effluent 
discharges are limited to activity levels which cannot 
possibly produce any harmful effects. These levels 
are prescribed by the responsible Ministry. 

Although a nuclear power station does not itself 
discharge more than minute traces of radioactivity 
to sea and air, the operating reactor is a powerful 
source of radiation. Indeed, a Calder Hall reactor 
emits radiations as powerful as about 1,000 tons of 
radium. For this reason the reactors are enclosed in 
thick conerete walls known as the biological shields. 
The thickness is such that at the outside surface of 
the shield the radiation is at the so-called ‘max- 
imum permissible level’, which means that during 
a working week an operator exposed full-time to 
this radiation could receive a maximum dose of 
0-3 rem. 

Inside the biological shield the radiation intensity 
is much higher, even if the reactor is shut down. On 
some occasions maintenance work has to be carried 
out. Whenever possible, this is done by remote 
handling devices, sometimes guided by a television 
eye. In very rare cases where human beings have to 
enter regions of high radiation intensity, the operation 
is so timed that the integral dose received is kept to 
a very low level of 1-2 rem. The integral dose of 
even the most highly exposed employees is limited to 
5 rem a year. 

The most remarkable example of remote repairs 
was the complete dismantling of the Chalk River 
heavy-water nuclear reactor, following a reactor 
accident in which no one was hurt. By an elaborately 
controlled operation lasting about a year, the whole 
interior was dismantled progressively. There were 
no significant over-exposures—either in the accident 
itself or in the laborious dismantling process—to 
external radiation or to the dangerous strontium-90 
isotope in the fission-product contamination. So we 
are rapidly learning how to work with intense radio- 
activity in complete safety. 

In the operation of research reactors there are 
similar but somewhat more difficult problems, since 
the shield of the reactor is pierced by numerous holes 
normally sealed by concrete plugs which can be with- 
drawn to allow beams of neutrons to emerge. Radia- 
tion levels above the maximum permissible level 
occur near the emergent beams, which must therefore 
be carefully labelled by notices, and avoided by the 
people working with them. 

The monitoring of working conditions, both for 
external radiation from gamma-rays or neutrons and 
to prevent the risk of inhalation or ingestion of 
fission products, is carried out by health physicists, 
whose job it is to see that workers do not receive 
more than the permissible exposure. Individual 
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workers carry film-badges which are developed 
weekly so that individual doses are recorded. In 
addition, they may carry pocket dosimeters, and are 
equipped with a range of portable and installed 
radiation monitors and alarm devices around reactors 
which help the health physicists and other staff to 
ensure that over-exposure does not occur. A similar 
close watch is kept on the chemical laboratory, where 
the chemists may be working with highly active 
sources, and -in all high-activity areas continuous- 
running radioactive dust monitors and radiation 
alarms are installed. An occasional spill may produce 
radioactive contamination on the floor and in the air 
which has to be prevented from spreading. For this 
purpose a decontamination squad is available—if 
necessary, dressed in frog-suits. 

The basis of the permissible levels of exposure has 
been worked out over a long period of years. In the 
early days of exposure to X-rays there were many 
examples of serious harm to individuals due to 
excessive doses of radiation. In the Cavendish 
Laboratory where I worked we had cases of skin 
trouble in assistants handling radium. I remember 
a demonstration of X-ray pictures being given which 
led to skin burns ; in my own experimental work we 
used to hold up a fluorescent screen in our laboratory 
and judge the intensity of the radiation to which 
we were exposed by the intensity of the glow. If it 
was too bright we added another millimetre of lead 
shielding. It is remarkable that we are alive and 
well to-day. 

When we started our war-time Anglo-Canadian 
atomic energy project at Chalk River, we had more 
appreciation of radiation hazards, and two of the 
first members of our staff were senior university 
radiobiologists. They took charge of our radio- 
logical protection, and since then have played a 
major part in working out the radiological protection 
policy of Great Britain. Radiological protection has 
been superintended since 1946 by the M.R.C. Radio- 
logical Protection Committee and the International 
Commission on Radiological Protection. These bodies 
have worked out a long list of ‘maximum permissible 
levels’. For example, the maximum dose of radiation 
to the whole body in one week is laid down as 0-3 rem 
The maximum quantity of plutonium which may be 
retained in the system by occupationally exposed 
workers is 0:04 microcurie; the maximum amount 
of strontium-90 is 1 microcurie. The basis of the 
permissible levels for ingested materials such as 
radium and plutonium is the extensive experience 
with radium in human beings from instances among 
radium dial painters who afterwards developed bone 
tumours, and from early therapeutic and diagnostic 
practice. Animal experiments by Brues were the 
basis of determination of the relative effects of radium 
and strontium. Further studies are in progress by 
the Committee of the Medical Research Council. The 
whole subject of the radiation exposure of man was 
reviewed a year ago by a committee of the Medical 
Research Council which was set up specifically to 
report on the hazards to man of nuclear and allied 
radiations. A similar committee was appointed by 
the U.S. National Academy of Sciences and both 
committees reported a year ago. Their recom- 
mendations were remarkably similar. 

Some important new information was presented to 
the Medical Research Council Committee on the 
effect of radiation in inducing leukemia. This came 
from investigations, conducted by Court Brown and 
Doll, on the case-histories of a particular treatment 








in British hospitals for ankylosing spondylitis. 
Broadly speaking, the natural incidence of leukemia, 
which is about 1 in 20,000 per year, was increased 
three- to ten-fold in these cases by a radiation dose of 
200 roentgens. However, when radiation is received at 
smaller dose-rates, evidence from mice suggests that 
the effect on leukemia production would be less. 
Mole’s experience at the Medical Research Council 
Radiobiological Research Unit with mice and their 
radiation-induced leukemia (which is a poor model 
for human leukemia, but the best available) is that 
“with total doses of 500-1,000 r. the incidence of 
leukemia may depend very markedly on whether 
the dose is given by continuous irradiation (from a 
cobalt-60 source) or in a series of brief exposures each 
at a relatively high dose (from an X-ray machine)”. 
Nevertheless, the Medical Research Council Com- 
mittee recommends that the life-dose for occupation- 
ally exposed workers should be limited to 200 rem. 

A further measure of protection to occupational 
workers was suggested—that the dose to the gonads 
up to the age of thirty should be limited to 50 rem. 
This limit was set for a different reason—to prevent 
the chance of conceiving an abnormal child being 
increased by more than a marginal value. For 
example, the incidence in the population of severe 
mental deficiency in children which survive has been 
estimated to be about 1: 500. If the mutation rate 
had been doubled by radiation in one parent the 
chance of producing a defective child would be 
increased by about 1-5 per cent. For this reason, 
the permissible dose up to the age of thirty has now 
been limited to. 50 rem and the average yearly 
working dose to 5 rem. 

Another important recommendation of both reports 
was concerned with the genetic protection of the 
human race as a whole. It is well known that radia- 
tion can increase the rate of mutation substantially 
above the spontaneous mutation rate, the mutants 
being of identical character as far as is known. A 
common mutant is that producing schizophrenia. 
There are about 63,000 cases under hospital care in 
Britain at the present time. Doubling the mutation 
rate by radiation would lead to 200 more cases in 
the first generation of 20 million births in Britain 
and 63,000 more cases for hospital.care in the very 
long term. The American report predicted that a 
doubling of the mutation rate would lead eventually 
to an additional 2,000,000 instances of tangible 
inherited defect in the United States. 

[t is therefore important to know quantitatively 
how the mutation rate increases with the cumulative 
radiation dose up to the age of procreation. The 
only worth-while evidence so far comes from experi- 
ments on fruit-flies and mice. These experiments 
have been carried out on only a few readily identi- 
fiable types of mutations. The statistics, such as 
they are, suggest that the mutation rate increases 
linearly with cumulative radiation doses up to about 
600 rads. So the curve of mutation rate against this 
will have an intersection at zero dose corresponding 
to the natural mutation rate. The effects of radiation 
seem to vary considerably for different gene loci and 
our knowledge is at present small and we have little 
or none for man. 

The Committees came to the conclusion that the 
radiation dose required to double the mutation rate 
probably lay between 30 and 80 r. <A good yard- 
stick for measuring the effect of man-made radiation 
was the natural radiation dose to which everyone is 
subjected by the cosmic rays, radium in the ground 
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and potassium in the blood. This gives a dose of 
3 rem in thirty years to those who live in England 
and about 10 per cent more for those living in granite 
country such as Aberdeen. Dwellers at 10,000 ft. can 
receive up to 5 rem in thirty years. The Committees 
suggested that the dose of radiation additional to the 
natural radiation should be limited to about twice 
the natural dose—that is, about 6 rem in thirty 
years. Both Committees feel that too high a con- 
tribution to this is already being provided by diag- 
nostic radiology. In Britain, from a sample hospital 
survey, it appears that this contributes at least 22 per 
cent of the natural dose. In the United States it was 
much larger. This is now being inquired into by a 
committee under Lord Adrian, and it is evident that 
substantial reductions can be made—indeed, it has 
happened already in some hospitals. 

Other smaller contributions to the population dose 
are provided by wrist-watches, television sets and 
from fall-out from atomic weapons. The dose due to 
fall-out is at present 0-6 per cent of the natural 
background, mainly due to the ingestion of 
cesium-137. 

The contribution from the exposure of atomic 
energy workers in Britain is rather smaller than this. 
Records are kept of the exposure of all workers in 
atomic energy establishments, and these show that 
in the United Kingdom the average dose is 0-25 rem. 
per annum, so if this level continues it would con- 
tribute 7-5 rem in thirty years. Since the population 
in atomic energy establishments is less than one- 
thousandth of the total population and only ex- 
posure before the age of reproduction is effective 
genetically, the net contribution to the population 
is less than 0-1 per cent of the natural dose per 
annum. 

The Medical Research Council Committee dis- 
cussed another important aspect of fall-out—the 
ingestion of strontium-90, which reaches human 
bodies through three steps in the food-chain. Ex- 
plosions of megaton fission bombs send fission pro- 
ducts into the high stratosphere, whence they settle 
only slowly into the troposphere over a period of five 
to ten years or more. During this time the stron- 
tium-90 decays with a half-life of twenty-eight years. 
When the activity reaches the troposphere it is washed 
down by rain. From measurements taken by air- 
craft, we have some idea of the fission content of the 
stratosphere. Dr. W.F. Libby has stated that for the 
past’two years it has corresponded to 24 megatons of 
fission. We also measure the strontium-90 content 
of rain-water. In this way we can make approximate 
estimates of the level of soil contamination likely to 
result. The Medical Research Council report sug- 
gested that by 1956 it might increase four-fold over 
the level at December 1955 from bombs already 
exploded, and that, should the various types of 
explosions continue at the rate then current, the 
accumulated deposits might rise to about fifty times 
the 1956 level in a hundred years time. The stron- 
tium-89 and strontium-90 deposited by rain finds its 
way to roots and so into the plant, or it may be 
deposited directly on grass and food crops. Large 
areas of grass are eaten by cows and so the 
strontium-90 appears in milk, whence it is trans- 
mitted to human bones. For the past three years 
measurements of the deposition of strontium-90 in 
soil and herbage, and its concentration in milk and 
human bones, have been carried out in Britain and the 
United States and other countries. It is convenient 
to consider the results in terms of a ‘strontium unit’ 
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which is one micromicrocurie per gram of calcium in 
soil, milk or bone. The cumulative fall-out is rising, 
but the level in milk has been fairly constant since 
the middle of 1955 and now ranges from four to ten 
strontium units, depending on locality. The Medical 
Research Council Committee report sets a limit of 
100 strontium units for concentration in human 
bones, but said that immediate consideration would 
have to be given if the level rose to 10 strontium 
units. They thought this might happen in one or 
two decades from the bomb explosions already carried 
out. The present level in Britain is at most 1-5 
strontium units, which is still a good way from the 
10 strontium unit level. 

A good deal of discussion and controversy has 
recently resulted from a report of a committee of the 
Atomic Scientists’ Association on the hazards intro- 
duced by fall-out. The report attempts to calculate 
the number of bone cancers to be expected from the 
production of one megaton of fission products. The 
starting point for this calculation is an estimate of 
the number of bone cancers produced by 0-1 micro- 
curie of radium, this being the maximum permissible 
level for radium in the skeleton for occupational 
workers. The report uses the survey, presented by 
Hasterlik to the Geneva Conference, of the clinical 
effects on a number of patients in the Chicago area 
who were treated with radium injections twenty to 
thirty years ago. From this the Atomic Scientists’ 
Association Committee calculates that a radium 
burden of 0-1 microcurie would lead to a 1: 200 
chance of producing a bone cancer. This conclusion 
is considered by some medical statisticians to be 
invalid, and indeed, if it were true, the inter- 
national maximum permissible levels would be far 
too high. 

From this starting point, the Committee computed 
the number of bone cancers to be expected from the 
strontium-90 in one megaton of fission products, 
assuming as @ worst possible case that the prob- 
ability of carcinogenesis is proportional to dose, down 
to a level 1,000 times less than the maximum per- 
missible level. This assumption is also uncertain. 
For these reasons I see no point in departing from the 
conclusions of the Medical Research Council report. 

I have spoken so far of the biological hazards of 
atomic energy development. To give a balanced 
view, I should look at the other side of the picture 
and see what are the advantages to the biological 
sciences gained from these developments. First 
among these are the results obtained from the new 
tools of the biologist—radioactive tracers. These are 
produced in our atomic piles and incorporated into 
complex organic compounds by our Radiochemical 
Centre at Amersham. The use of tracer elements has 
changed in a major way our ideas in metabolic pro- 
cesses. On the old ideas, food was thought of as a 
fuel to be used for supplying energy or repairing 
wastage in tissues. It has now been realized that 
“the large complex molecules in food and in the less 
complex compounds which form them—the fatty 
acids, amino-acids and nucleic acids—continually 
participate in rapid chemical reactions. The frag- 
ments of complex molecules so released are mixed 
with those from other similar molecules, and with 
those absorbed from the alimentary canal, forming a 
metabolic reserve. Some of the fatty-acid molecules 
are completely destroyed ; others of similar structure 
are continually formed from all kinds of substances, 
and in particular from carbohydrates. Similar 
reactions also take place with the decaying products 
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of proteins. Thus the biological system is a vast 
cycle of closely inter-related chemical reactions’ 
(Geneva Conference Papers). 

The research work has also demonstrated the rapid 
rate of turnover of particular molecules. Thus amino- 
acids are assembled into proteins in about 25 min. 
Studies by Hevesy with radioactive iron show that 
of the 4 milligrams of iron present in human blood 
plasma, half of it leaves the circulation in about 
90 min. Half of this finds its way into the bone 
marrow to be used for the formation of hemoglobin 
in the blood corpuscles, so 16 milligrams a day are 
used for hemoglobin formation. The other half finds 
its way to the liver and other organs. In cases of 
refractory anzmia the iron atoms disappear less 
rapidly from the plasma, so studies in anzmia are 
possible. 

Studies using radioactive sodium show that half 
the sodium in the blood plasma leaves the plasma in 
one or two minutes. Studies with radiocarbon have 
shown that even the crystalline structure of the 
bones is in a stage of flux. It has also been 
possible to work out the exact metabolic pathways 
by which important compounds have been made. 
Thus the origin of every carbon atom in the complex 
porphyrin molecule has been determined ; the path- 
ways of formation of the blood pigment hematin 
have similarly been unravelled. 

The general opinion seems to be that this new 
knowledge with change of concept was leading to 
important revisions in the search for the therapy of 
metabolic diseases. However, only a beginning has 
been made—mainly by describing the metabolic 
processes. We are apparently still far from under- 
standing in detail how they work. “It remains for 
the future to reveal how the new knowledge can be 
used for the conquest of disease.” 

Radioactive isotopes are also used as sources of 
radiation for the treatment of malignant disease. 
Twenty years ago radium was used in quantities of 
several grams for radiotherapy in the so-called 
‘radium bombs’ of the time. Radiotherapists now 
use radiocobalt units a thousand times as strong, 
using the cobalt-60 produced in nuclear reactors. 
We can now produce in Britain about 10,000 curies 
a year, and with our new reactor DIDO we shall be 
able to increase our annual output by 30,000 curies 
&@ year. 

Besides their use as an alternative to radium and 
X-ray sets, radioisotopes have a special value in 
therapy because of their flexibility in use. Thus 
radioactive sodium, which emits gamma-rays, has 
been injected as a solution into the bladder to treat 
malignancy ; colloidal solutions of radioactive gold- 
198 or radioactive yttrium are injected into lung 
tumours because they stay reasonably well located 
and also decay rapidly with a half-life of a few days. 

The use of thulium-170 and xenon-133 has been de- 
veloped by Prof. W. V. Mayneord and his colleagues. 
These sources emit gamma-rays of low energy— 
85 keV. and 81 keV. The sources are easily protected, 
and since they are virtually point sources they can 
be used in localities where X-rays would be in- 
applicable. The human race has a great deal to gain 
both from the enormous potential increase in its 
energy resources and from the new tools which have 
been provided to the biologist. These new powers 
introduce new hazards. We must study and 
control these with all the power of the scientific 
method and so enable these benefits to be safely 
enjoyed. 
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OBITUARIES 


Dr. Josephine Macalister Brew, C.B.E. 


It is hard to believe that Dr. Macalister Brew is 
dead ; for if any one adjective could have described 
her it would have been the hackneyed word ‘vital’. 
Of her it was abundantly true, for there can have 
been few people who have lived so fully, so usefully, 
or so serviceably. 

Her last official job was as education and training 
adviser to the National Association of Mixed Clubs 
and Girls’ Clubs. But that title gives no idea of the 
immense scope of her interests and activities. She 
was not a dabbler—to her that word was an insult ; 
she was simply a person of such energy and such 
catholicity of interest that she left untouched no part 
of the wide field of the lives of young people. She 
was not a simple-minded ‘do-good-er’. Indeed, her 
unorthodox methods and rather unusual appearance 
sometimes frightened, even alarmed, the tradition- 
alists. But she had a remarkable flair for getting 
inside the skins of the inarticulate young and then 
assessing what she found by the clear light of 
charitable reason. 

For her intellectual equipment was of a quality 
quite unusual. She had a robust contempt for the 
‘starry-eyed’ and the ‘stuffy’ (her own words) ; she 
quite simply hated the pompous and the pretentious ; 
and for young people she had a boundless but 
shrewdly discriminating affection. 

It was not surprising that she was worked to 
death. Government departments, charitable trusts, 
bodies as varied as the Marriage Guidance Council 
and the Educational Drama Association all made 
demands on her strength ; and to none of them did 
she give half-measure. What she enjoyed most was 
not sitting around a committee table but gossiping 
with boys and girls in a canteen or a ‘pub.’, and there 
must be scores of them who remember this odd little 
figure who knew what they were thinking before they 
did and, more, could put it into intelligible words. 

Josephine Brew made rather shop-soiled words 
like ‘social welfare’ or ‘youth service’ come to 
life. She never forgot the eternal importance of each 
single individual human being, and she would never 
allow generalizations or abstractions to hide the 
individual boy or girl, puzzled, uncertain, bewildered 
or lost. She had learning, and in her own field 
success—the award of a C.B.E. in the Birthday 
Honours only underlines the melancholy coincidence 
of her death—and the affection of a multitude of 
friends. She would prefer to be remembered as one 
who never lost her astringent affection for hundreds 
of ‘crazy mixed-up kids’. JOHN WOLFENDEN 


Dr. J. E. Hamilton, 1.S.0. 


James Ertk Hamiton, who died suddenly at 
Stanley, Falkland Islands, on April 15, a few weeks 
before his sixty-sixth birthday, had spent more than 
thirty years in the Falkland Islands and their 
Dependencies. After graduating at the University of 
Liverpool in 1913, he spent the summers of 1913 and 
1914 at Blacksod Bay, Co. Mayo, on behalf of the 
Committee o: the British Association appointed to 
investigate the biological problems incidental to the 
Belmullet whaling station. In 1914 he took his M.Sc. 


degree, specializing in oceanography, and occupied 
junior teaching posts at King’s College, London, and 
The Queen’s University, Belfast, until 1916, when he 
joined the R.A.M.C. as bacteriologist. In 1919 he 
was appointed to be Government naturalist and 
magistrate in the Falkland Islands, a post he occupied 
for thirty years until his retirement in 1949. For 
half this period, from 1924 until 1939, he was seconded 
to the scientific staff of the Discovery Investigations, 
and served in the ships belonging to the Discovery 
Committee, in the Marine Station at South Georgia, 
and in England. During the Second World War he 
was in the Falkland Islands and acted as registrar 
general and registrar of the Supreme Court, as well 
as being a police magistrate at Stanley and a tem- 
porary member of the Legislative Council. He 
was awarded the Polar Medal in 1943, and 
appointed a Companion of the Imperial Service 
Order in 1948. 

Hamilton was a good field naturalist and was 
particularly interested in marine mammals and birds, 
on which he published a number of papers in various 
scientific journals. His most important published 
work is contained in two papers on the southern sea 
lion that appeared in Discovery Reports in 1934 and 
1939, and formed the main part of the material for 
which his doctorate was conferred. During his 
residence in the Dependencies he had the opportunity 
for collecting much rare cetacean material and 
enriched the collections of the British Museum 
(Natural History) by presenting many valuable 
skulls and skeletons of the southern dolphins, which 
are generally very poorly represented in museum 
collections. In addition, he sent home large collections 
of skulls from several species of southern seals, 
specimens which are of unusual value as they are 
accompanied by very full data. After his retirement 
in 1949 Hamilton continued to reside in the Falkland 
Islands, where he carried on with his collecting and 
zoological work. He was particularly concerned for 
the preservation of the stocks of whales, which he 
considered were being dangerously over-fished, and 
stated his views in several outspoken contributions in 
Nature during recent years. 

Hamilton was of medium height and stocky build, 
and enjoyed the rough conditions of life that he 
experienced on many of his expeditions in the course 
of the Discovery investigations, as well as during his 
work as Government naturalist. The latter took him 
into some very remote places in company with the 
sealers and whalers, among whom he had many 
friends. In 1931 he married Miss Rose Purdie, who 
survives him, and to whom we extend our sympathy. 

L. Harrison MATTHEWS 


Dr. J. F. Allan 


Dr. J. F. ALLAN, superintendent of the Ship 
Division, National Physical Laboratory, collapsed 
and died on June 8 while sailing on holiday at 
Aldeburgh, Suffolk. 

James Foggo Allan was born on July 23, 1904, at 
Brechin, Angus, the son of a Church of Scotland 
minister. He was educated at Dumbarton Academy 
and the University of Glasgow, and served an appren- 
ticeship with William Denny and Bros., Ltd., the 
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Dambarton shipbuilders. He held the Sir William 
White Researel Scholarship of the Institution of 
Naval Architects during 1927-29. In 1948, he was 
awarded the degree of D.Sc. by the University of 
Glasgow for his pioneer work in the development 
of ship roll stabilizers, now a familiar feature of many 
passenger ships. 

From 1926 until 1948 he was on the staff of the 
ship model experiment tank at Dumbarton ; during 
ths last six years of this p2riod he was in charge of 
the department. In 1948, he was appointed superin- 
tendent of the Ship Division of the National Physical 
Laboratory. 

Since Dr. Allan’s appointment, the Division has 
considerably widened its range of activities and, 
under his enthusiastic guidance, the new National 
Physical Laboratory Ship Hydrodynamics Laboratory 
at Feltham was planned and construction begun. 
In this Laboratory the work of the Division in carrying 
out experiments for ship-builders on new designs and 
in basic research into the hydrodynamic problems of 
ships will be continued in the ways in which he so 
firmly believed. 

Dr. Allan was an international figure in the world 
of naval architecture ; he served on many committees 
and published a number of notable papers. He was a 
member of Council of the Institution of Naval 
Architects and of the Scholarships and Publications 
Committee. He took a leading part in the organiza- 
tion of the triennial International Towing Tank 
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Conference (formerly International Conference of 
Ship Tank Superintendents), serving on the Confer- 
ence Standing Committee, and was an active member 
of several British Shipbuilding Research Association 
technical committees, acting as chairman of the 
Propulsion Sub-Committee. The papers which Dr. 
Allan published dealt with many different ship design 
problems, including scale effects on propellers and 
shaft supports, the resistance of barges, hull forms for 
drifters, and the comparison of ship-trial results with 
model predictions. His paper on “The Stabilization 
of Ships by Activated Fins” was awarded a premium 
of the Institution of Naval Architects in 1945, and 
that dealing with ““The Effect of Roughness on Ship 
Resistance”, which he presented jointly with Mr. 
R. 8. Cutland to the North East Coast Institution of 
Engineers and Shipbuilders last year, gained the 
M. C. James Medal. 

In addition to the work described in these papers, 
Dr. Allan was actively engaged during the Second 
World War on the development of a high-speed 
hydrofoil-supported torpado boat, and at the time of 
his death was vigorously developing new ship features. 
His loss will be keenly felt, not only at the National 
Physical Laboratory but also in shipbuilding circles 
throughout the world. It is particularly tragic that 
his services will not be available at the time when 
the new ship research laboratory, one of the most 
comprehensive in the world, is to be put into 
operation. 


NEWS and VIEWS 


Royal Society of Edinburgh : New Fellows 


Tue following have been elected Honorary Fellows 
of the Royal Society of Edinburgh: Dr. H. J. 
Bhabha, chairman, Atomic Energy Commission of 
India, Bombay; Sir Alexander Fleck, director, 
Imperial Chemical Industries, Ltd.; Dr. RK. J. Heim, 
director, Museum of Natural History, Paris; Prof. 
Olaf Holtedahl, professor of historical geology in 
the University of Oslo ; Sir Rudolph Peters, professor 
emeritus of biochemistry in the University of Oxford ; 
Prof. C. E. Tilley, professor of mineralogy and petro- 
logy in the University of Cambridge. 


Mathematics in the University of Manchester : 
Prof. G. J. Kynch 


Pror. GEORGE JaMES Kyncu, at present professor 
of applied mathematics in the University College of 
Wales, Aberystwyth (see Nature, 169, 266; 1952), 
has been appointed to the new chair in mathematics 
in the faculty of technology in the University of 
Manchester. Prof. Kynch graduated at the Imperial 
College of Science and Technology with honours in 
physies in 1935. He then read for honours in mathe- 
matics and obtained a first-class degree in the fol- 
lowing year, together with a University prize and 
research scholarship. He obtained jthe Ph.D. and the 
diploma of the Imperial College in mathematics in 
1939. His research on valence theory and magnetism 
atthe Imperial College during 1936-40 was under the 
direction of Dr. (now Sir) William Penney. Dr. Kynch 
was appointed to a lectureship at the University of 
Birmingham under Prof. R. E. Peierls, and also 
undertook part-time research as a member of the 
Ministry of Supply “Tube Alloys” team at the 
University of Birmingham. Since 1952 he has been 


professor of applied mathematics in the University 
College of Wales, Aberystwyth. Prof. Kynch will 
take up his duties at Manchester in September. 


Chemistry at Auckland University College : 
Prof. D. R. Llewellyn 


Dr. D. R. LLEwettyn, who has recently been app- 
ointed professor of chemistry at Auckland University 
College, New Zealand, graduated with first-class 
honours in chemistry from the University of Bir- 
mingham in 1941. During 1941-44 he carried out 
research under the direction of the late Prof. F. 
Simon at Oxford, where he obtained the D.Phil. 
degree, and in the following year he went as a 
research assistant in the Cavendish Laboratory, 
Cambridge. His university teaching work on a full- 
time basis started in the University College of North 
Wales in 1945, when Prof. E. D. Hughes held the 
chair of chemistry at Bangor. Llewellyn was a 
lecturer there until 1949, when he was appointed to 
an Imperial Chemical Industries fellowship, tenable 
at University College, London, where he became a 
lecturer in 1952. 

Dr. Llewellyn’s published work has dealt with the 
chemistry of uranium, the preparation cf stable 
isotopes by fractional Cistillation, and the use of 
various tracers in the study of the mechanism of 
reactions. In 1952, he was awarded the Weizmann 
Prize for a paper on the separation of isotopes, pub- 
lished in collaboration with Drs. I. Dostrovsky and 
J. Gillis. He has shown marked ingenuity in the 
design and construction of physical apparatus, 
especially large-scale distillation columns of high 
efficiency. His natural aptitude in this direction was, 
no doubt, fostered when he worked as a physical 
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chemist in the schools of physics of Oxford and 
Cambridge, and it is now a very highly developed 
part of his equipment. His work is characterized also 
by great versatility in the use of isotopes, particularly 
in the elucidation of the course of chemical reactions 
in the inorganic, organic and biochemical fields. 
These activities are well integrated, and they will be 
brought to bear most effectively in his new post as 
professor of chemistry and director of the Labor- 
atories at Auckland University College. 


British Museum (Natural History) : 
The Neolithic Revolution 
In the Central Hall of the British Museum (Natural 
History) in South Kensington the series of displays 
illustrating the evolution of man and his culture has 
been extended by the arrangement in Bay 4 of a new 
exhibit on the “‘Neolithic Revolution”. The exhibit 
deals primarily with the biological foundations of 
Neolithic culture: Panel 1 with the beginnings of 
plant cultivation ; Panel 2 with the domestication of 
animals (dogs, goats, sheep, cattle and pigs); Panels 
3 and 4 with related activities, including hunting 
and fishing with the aid of new devices, the mining 
of flint, the manufacture and trading of polished 
stone axeheads, their use in the clearance of forest 
for agriculture, the construction of permanent dwell- 
ings, the formation of villages, and the development 
of specialized crafts such as basketry, the making of 
pottery, and the spinning and weaving of plant and 
animal fibres for use in clothing. The probable 
relation of Neolithic religious ideas to agriculture is 
indicated. Specimens shown on the panels have been 
drawn from a wide range of Neolithic sites, including 
Jericho, Jarmo (Iraq), and others in Egypt, Sudan, 
Switzerland, Denmark and Britain—notably Wind- 
mill Hill (Wiltshire), Maiden Castle (Dorset), Church 
Hill, Findon (Sussex), and Grimes Graves (Norfolk). 
The first panel includes examples of some of the 
earliest cultivated plants (einkorn and emmer wheat, 
flax and the Celtic bean) recently grown under 
Neolithic conditions on a private experimental plot 
in Kew Gardens. The exhibit demonstrates some of 
the contributions of the natural sciences (particularly 
botany, zoology and geology) to archeology ; and it 
indicates the biological interest of many of the 
findings of archeological research. 


James Sowerby (1757-1822) 


ANOTHER new exhibit has also been arranged in 
Bay 4 of the Central Hall of the British Museum 
(Natural History) to commemorate the work of James 
Sowerby, the founder of a family whose members 
have been distinguished as authors and illustrators 
of natural history works, and who between them 
wrote and illustrated more than seventy works on 
botany, zoology and paleontology. James Sowerby, 
born in 1757, studied with the marine painter, 
Richard Wright, and was later employed by William 
Curtis to make drawings for the Flora Londinensis 
and the Botanical Magazine. Sowerby, however, is 
probably best known for his plates to the “English 
Botany” (1790-1814), the text of which was written 
by Sir J. E. Smith, though the work is generally 
referred to as ‘“‘SSowerby’s English Botany’. Sowerby 
was also deeply interested in mineralogy, and his 
‘Mineral Conchology of Great Britain’ (1812-46) is 
a work of considerable historical interest. An un- 
finished zoological work, “The British Miscellany” 
(1804-6), contains as its first plate a figure of 
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‘Sowerby’s Whale’, described and figured by the 
artist from a specimen found near Elgin in Scotland. 
The Museum possesses the original water-colour 
drawings for the ‘“English Botany”’, more than 2,500 
in number, the originals of the “English Fungi” 
(1795-1815), and the drawings to illustrate J. 
Dickson’s ‘‘Fasciculus Plantarum Cryptogamicarum 
Britanniae’’, Fasc. 2-4 (? 1789-1801). A selection of 
these, together with some of Sowerby’s published 
works, are on exhibition, and give some indication of 
the great talent and wide scientific interests of this 
famous artist-naturalist. 


Illinois Journal of Mathematics 

THE pressure on scientific periodicals is still so 
great that new journals are bound to be welcome, 
except possibly to those librarians to whom space is 
already a problem. The new Illinois Journal of 
Mathematics, published by the University of Illinois, 
Urbana, has a strong editorial board consisting of 
R. Baer (Frankfurt-am-Main), J. L. Doob and A. H. 
Taub (University of Illinois) G. W. Whitehead 
(Massachusetts Institute of Technology) and O. 
Zariski (Harvard). It will publish research papers in 
pure and applied mathematics, written in English, 
French, German or Italian. A volume of four 
quarterly parts will cost 9 dollars, but there is a 
reduced subscription available to members of the 
American Mathematical Society. The first part 
(March 1957) contains ten papers in its 114 pages ; 
most of these are fairly short, with an algebraic and 
topological flavour, but there is a first instalment 
(50 pages) of a three-part memoir on Markoff pro- 
cesses and potentials. It will be of interest to see 
whether the new journal can attract good work on 
applied as well as on pure mathematics. 


British Birds 

EaRLy in 1907 H. F. Wetherby persuaded a number 
of friends and ornithologists to support a monthly 
magazine devoted entirely to the study of British 
birds. The fiftieth anniversary of British Birds is 
now being celebrated, and its latest issue (50, No. 6; 
June 1957) tells the story of its steady rise in 
influence and quality until, as the messages from 
many countries indicate, the journal is now recog- 
nized throughout the world as an outstanding 
contribution to ornithological literature. Greetings 
which must give particular pleasure to the editors 
include that from Tom Harrisson, curator of the 
Sarawak Museum, and Prof. G. P. Dementiev, of 
the University of Moscow, a confessed admirer of 
British Birds for thirty years. The journal has always 
been noted for the quality of its plates, and this 
birthday issue contains a reproduction of a painting 
of collared doves (Streptopelia decaocto) by R. A. 
Richardson which is worthy of its predecessors; so, 
too, are some photographs by, among others, Eric 
Hosking, James Alder and J. H. Drenth. British 
Birds is to be congratulated on its first half-century 
of existence ; and may look forward to the second 
half-century with confidence. 


Zoological Libraries 

ZOoLoeicaL libraries are the subject of the sixth 
in the series of publications on Library Resources 
in the Greater London Area, issued by the Library 
Association (pp. ii+21. London, 1957. 48. 6d.). 
Compiled by A. C. Townsend and G. B. Stratton, 
the pamphlet deals chiefly with the British Museum 
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(Natural History), the libraries of the Zoological 
Society of London, of the Commonwealth Institute 
of Entomology, the Linnean Society of London, the 
Royal Entomological Society and the Horniman 
Museum and Library, though there is a brief note on 
other sources also, such as the holdings of the Science 
Museum Library and the Patent Office Library. The 
British Museum (Natural History) Library, which 
probably contains the largest collection of zoological 
books and periodicals in Britain, is described in some 
detail by Mr. Townsend and that of the Zoological 
Society by Mr. Stratton. The authors are to be 
congratulated on a most useful guide to sources of 
zoological literature, the value of which is enhanced 
both by the, inclusion of references to other accounts 
of particular libraries and to the main bibliographies 
of zoology. There is an index to persons, institutions 
and serials. 


Christian Faith and the Freedom of Science 


Dr. R. Hooykaas, professor of the history of science 
at the Free University, Amsterdam, is the author of 
a recent pamphlet on “Christian Faith and the 
Freedom of Science” (Philosophia Libera. Pp. 24. 
London: The Tyndale Press, 1957. Published for 
the Research Scientists’ Christian Fellowship. 1s. 6d.), 
in which he points out that science is stifled when- 
ever men cherish preconceived ideas which they 
refuse to submit to test, whether under totalitarian- 
ism, secular or clerical, or whenever a well-meaning 
piety exalts secondary standards of authority to a 
place that belongs only to God. Prof. Hooykaas 
contends that Scripture, rightly approached, liberates 
the mind from all these constraints. Reviewing the 
several threats to the freedom of science, he cites 
Calvin as an example of a man made free from 
traditional beliefs and unhampered by an elaborate 
theory of inspiration. He argues that confidence in 
the possibilities of science and in the freedom of 
thought, as well as self-restriction in theorizing and 
obedience to the dictates of Nature, are the necessary 
consequences of a truly liberal religion, and illustrates 
his argument by a brief historical survey of relations 
between science and religion in the Middle Ages, in 
the Reformation period and in the seventeenth cen- 
tury. The Puritan scientists of the seventeenth 
century regarded science as an ally of true religion, 
and Prof. Hooykaas points out that the educational 
ideals of the Enlightenment and those of the English 
Puritans were almost the same, the Enlightenment 
being considered as a secularized puritanism. The 
spirit of the Reformation and the spirit of science 
have much in common. 


Electronic Image Devices in Microscopy 

Reports on the use of electronic image con- 
verters, television cameras and flying-spot scanning 
systems in microscopy have appeared from time 
to time; but it cannot be said that these methods 
have been responsible for any spectacular advances. 
Their theoretical possibilities are considerable, but as 
yet the practical results have been disappointing. 
Despite the high cost and complexity of the apparatus, 
electronic ‘noise’ and other imperfections usually 
reduce the image quality to below that obtainable by 
simple visual or photographic methods. A very 
attractive feature is the possibility of image intensi- 
fication, that is, the ability to present a bright picture 
on a sereen even though the object itself may be 
very weakly illuminated. This is most important in 
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ultra-violet microscopy, since ultra-violet light dam- 
ages living cells. A remarkable ultra-violet colour- 
translating television microscopy has recently been 
developed at the Rockefeller Institute, New York, 
by V. K. Zworykin, F. L. Hatke and C. Berkley. 
The instrument recalls the earlier photographic one 
described by E. H. Land and his collaborators 
(Science, 109, 371 ; 1949), in which the specimen was 
illuminated in turn by three monochromatic bands 
of ultra-violet light, and three photographic negatives 
were made. After processing at high speed in a 
special machine, these negatives were projected 
simultaneously through red, green and blue filters 
on to a viewing screen. In this way differences in 
ultra-violet spectral absorption were ‘translated’ into 
differences in visible colour. It was claimed that by 
a proper selection of illuminating wave-lengths 
colour differences could be related to variations in 
chemical composition, particularly with regard to 
proteins and nucleic acids. The new system eliminates 
photography by employing a closed-circuit colour 
television receiver, so that its action is virtually 
instantaneous and it is possible to view cells in 
motion. No results of any biological importance have 
yet been reported with the original colour-translating 
microscope, and it remains to be seen whether the 
new instrument will turn out to be simply another 
brilliant technological achievement. Nevertheless, 
there is little doubt that the next generation of 
microscopists will use electronic devices almost as 
freely as photography is used to-day, and this pioneer 
work must be followed with cautious and sympathetic 
interest. : 


Geological Resources of Britain 


AT a meeting of the Parliamentary and Scientific 
Committee on May 14, a discussion on British geo- 
logical resources was opened by Sir William Pugh, 
director of the Geological Survey and Museum, who 
described the work of the Geological Survey of Great 
Britain in relation to supplies of coal, iron ore and 
water. He stressed the dependence of development 
and exploitation of these and other natural resources 
on the up-to-date, large-scale geological maps and 
memoirs which it is the primary function of the 
Geological Survey to provide. Mr. P. T. Cox, of the 
British Petroleum Co., Ltd., who spoke next, dealt 
with the oil resources of Britain, and particularly the 
results of recent prospecting, which, at present, is 
concentrated principally in the Eakring area of 
Nottinghamshire, where the ultimate production of 
some 10 million tons is probably the limit. Mr. 
H. E. Collins, of the National Coal. Board, paid 
tribute to the help of the Geological Survey in the 
Board’s drilling programme. This programme had 
already provided resources estimated at more than 
4,000 million tons through the construction of fifteen 
new collieries and the reconstruction of some 200 
existing collieries. Sir Arnold Waters dealt with 
problems of water supply, ironstone, and sand and 
gravel supplies, pointing out that the demand for 
sand and gravel had already considerably exceeded 
the expectations of the Advisory Committee. In 
the discussion that followed, Mr. Collins said that 
there are sufficient proved coal resources for current 
development, and further proving would continue 
around the fringes of coalfields now being exploited. 
Sir Arnold Waters said that improved land drainage 
and the great impermeable urban areas were affecting 
the average rate at which water reaches the under- 
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ground water-tables. Many areas, including London, 
are over water-tables which are known to be drop- 
ping, but London depends only in part on its under- 
ground supplies. Overground supplies have been 
developed, because the rate of consumption from 
underground supplies has exceeded the available 
quantities of water. Sir William Pugh said that a 
deep borehole drilled at Burford by the Geological 
Survey entered Upper Coal Measures at about 
1,100 ft., and they were proved to a thickness of 
2,660 ft. It is not known whether they are under- 
lain by productive Coal Measures because the 
borehole was stopped by technical difficulties at 
3,767 ft. Within the comparatively small confines of 
the British Isles there is a remarkable range of 
phenomena of geological interest and of materials of 
economic importance. 


Florigenic Hormone in the Strawberry 


C. Srronvat has given a comprehensive account of 
observations and experiments on the inception of 
flowering in an ever-flowering strain of strawberry, 
Fragaria vesca L. var. semperflorens Duch. (C.R. de 
Recherches, Trav. du Centre de Recherches des 
Hormones Végétales, No. 18, 9-229, Feb. 1957, 
Bruxelles). The author has found that during the 
course of development from the seed, the initial 
vegetative phase is followed by a second distinctive 
physiological phase, designated as the photophase. 
During this phase, the conditions essential for the 
onset of flowering are long days and a fluctuating 
daily temperature—warm days and cold nights. This 
period of development can be distinguished by 
characteristic features in leaf morphology and color- 
ation. Once induced, the flowering phase persists 
until the death of the plant. The characteristic 
development of the photophase is immediately 
arrested by exposure to short days. Sironval’s 
experimental observations indicate clearly that the 
photophase is the period when the specific trans- 
formations which prepare the way for flowering take 
place. In particular, he has directed attention to the 
fact that changes in the metabolism of the chloro- 
phylis are especially distinctive during this phase. 
During exposure to long days he finds that there is a 
relative lowering of the amount of chlorophyll b. 
The accumulated evidence is held to be indicative of 
a correlation between the chlorophyll metabolism, 
environmental conditions—in particular, the day- 
length—and the inception of flowering. When a crude 
extract of the unsaponifiable fraction of leaves from 
flowering strawberry plants—and here particular 
interest may attach to vitamin E (in low concen- 
trations) and a sterol (in high concentrations)—was 
applied to the meristems of plants not yet in the 
flowering phase, cell division was activated in the 
axial region of the meristem, this being characteristic 
of the transition to the flowering state. 


Australian Biochemical Society 


Tue Australian Biochemical Society was founded 
at the time of the meeting of the Australian and 
New Zealand Association for the Advancement of 
Science in Melbourne in August 1955. At that 
meeting Dr. M. R. Lemberg was elected as the first 
president, and a constitution was adopted. The first 
annual conference was held in Sydney in May 1956 
and the second annual conference was held in Mel- 
bourne during June 5-7. At this latter meeting fifty- 
seven papers were presented, and abstracts of these 
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papers will be published in the Australian Journal of 
Science. The present president is Prof. V. M. Trikojus, 
Department of Biochemistry, University of Mel- 
bourne, and the hon. secretary is Dr. F. D. Collins, 
Department of Biochemistry, Australian National 
University. 


Announcements 


Dr. A. VepEeL TaxinG, director of the Danish 
Fisheries and Oceanographic Research Institute, has 
been elected an honorary member of the Marine 
Biological Association of the United Kingdom. 


THE following have recently been elected to office 
in the Institution of Electrical Engineers for the 
session 1957-58: President, T. E. Goldup; Vice- 
Presidents, S. E. Goodall, Dr. Willis Jackson, G. S. C. 
Lucas, Sir Hamish D. MacLaren, C. T. Melling; 
Honorary Treasurer, Viscount Falmouth. 


THE recently published Yearbook of Forest Pro- 
ducts Statistics, 1956 (pp. vit+170. Rome: Food 
and Agriculture Organization of the United Nations ; 
London: H.M. Stationery Office, 1956. 128. 6d.; 
2.50 dollars), is the tenth issue of this report, covering 
details of world forestry output, trade and consump- 
tion compiled from information supplied by more 
than 120 countries®throughout the world. 


A “Joining of Metals’’ conference on “The Wetting 
and Spreading of Liquid Metals on Solid Metal 
Surfaces”, organized by the Department of Indus- 
trial Metallurgy in the University of Birmingham, is 
to be held at the University of Birmingham on 
September 25. Further details and enrolment forms 
can be obtained from the Secretary to the’ Depart- 
ment. 


A SERIES of eight lectures on operational research 
and cybernetics in industry has been arranged by 
the Department of Operational Research and Cyber- 
netics of the United Steel Companies, Ltd., in co- 
operation with Dr. G. Lawton, principal of the 
Sheffield College of Commerce and Technology, to 
be presented during October and November on 
Wednesdays from 2.30 to 4 p.m. The course is 
addressed to senior management, and is likely to be 
followed in 1958 by a longer and more detailed 
course addressed to practitioners who may be 
appointed to carry out this type of work. The course 
will be introduced by R. 8. Gander, development 
manager in the Department of Operational Research 
and Cybernetics, and the later lectures, also delivered 
by members of the Department, will be on ‘‘Queues’’, 
by K. D. Tocher, research manager; ‘Operational 
Research Models”, by R. 8S. Gander; ‘Operational 
Research Machines”, by D. G. Owen, computer 
applications manager ; “‘Processes involving Chance”’, 
by K. D. Tocher; “Information”, by P. G. Lucas, 
operations manager; “Production Control” and 
‘‘Cybernetics’’, by Stafford Beer, head of the Depart- 
ment. Further details can be obtained from the 
College of Technology, Sheffield, 1, or the Department 
of Operational Research and Cybernetics of the 
United Steel Companies, Ltd. 


ADDENDUM. The symposium on ‘‘Microchemistry”’, 
to be held at the University of Birmingham under 
the auspices of the Society for Analytical Chemistry, 
and announced in Nature of June 29 (179, 1337; 1957), 
will take place during August 20-27, 1958. 
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INITIATION AND GROWTH 


CONSIDERABLE amount of work hds been 

carried out in recent years on slow and fast 
reactions in solids, and in particular on explosive 
solids. In order to bring this work together and to 
review the present position of this field of research, a 
discussion arranged by Dr. F. P. Bowden for the 
Royal Society was held on May 30 in the Society’s 
rooms at Burlington House. The discussion was 
international in character, and there were con- 
tributors and visitors from Australia,- Belgium, 
France, Great Britain, Sweden, Switzerland, the 
United States and the U.S.S.R. The programme was 
an ambitious one, and by concentrating only ‘on 
essential points and the more recent advances, it was 
possible to fit in twenty-two prepared papers. The 
discussion on these papers was lively and valuable, 
and many new points were brought out at this stage. 
There was some time for informal discussion. The 
papers and the discussion will be published in the 
Proceedings of the Royal Society. 

The discussion fell into two parts. The first, on the 
initiation of explosion, included some work on the 
slow decomposition of a number of explosive materials. 
The second part dealt with the growth of reaction to 
explosion, and with low-velocity detonation. . The 
process of high-velocity detonation was not con- 
sidered since this had been dealt with in a discussion 
in 1951 organized by Sir William Penney. 

In opening the discussion, Dr. F. P. Bowden sum- 
marized the different ways in which reactions in 
solids may be initiated. These are: (1) by heat 
which raises the material to the ignition temperature ; 
(2) by shock ; this can act by (a) an adiabatic heating 
of compressed gas spaces; (b) a frictional hot spot 
on the confining surface or on a grit particle; (c) 
intercrystalline friction of the explosive itself ; 
(d) viscous heating of the explosive at high rates of 
shear ; (e) heating of a sharp point when it is deformed 
plastically ; (f) mutual reinforcement of gentle shock 
waves; (3) by ultrasonic vibrations; (4) by elec- 
trons, «-particles, neutrons and fission fragments ; 
(5) by light of sufficient intensity ; (6) by electric 
discharge; (7) by ‘spontaneous’ ignition of a growing 
crystal. 

Dr. Bowden emphasized the importance of using 
modern physical methods to follow reactions in 
solids. The combined use of electron diffraction and 
electron microscopy by Dr. J. Sawkill has shown 
that it is possible to follow the collapse of the lattice 
during decomposition in materials such as silver 
azide to give the final product silver. With the aid 
of the scanning electron microscope, J. A. McAuslan 
has also followed the early stages in the decom- 
position of silver azide. There is evidence that 
reaction can occur preferentially not only on the sur- 
face of the crystal but also at defects within it. This 
leads to a cracking and splitting of the crystals along 
preferred direetions. This break-up has also been 
observed by 8. K. Deb in his experiments on the 
decomposition of P.E.T.N. crystals by a light flash. 
The disintegration of crystals into small blocklets, 
which may be about 10-' cm. across, is important 
both in the early phase and also, as shown by Evans 
and Yoffe, in the growth of burning to detonation. 

Some puzzling observations made by G. T. Rogers 
on spontaneous explosions were also discussed. 
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OF EXPLOSION IN SOLIDS 


During the growth of crystals of (-lead azide and 
mercuric azide in solution, an explosion may take 
place for no apparent reason. Dr. J. V. R. Kaufman 
(United States) said that a-lead azide also explodes 
spontaneously during the initial stages of growth in 
solution. There is at present no adequate explanation 
for these observations, although some suggestions 
have been put forward. Dr. Z. V. Harvalik (United 
States) thought that the heat of aggregation of small 
crystals could be an important factor. 

Thermal decomposition and explosion. The growth 
of explosion from the point of initiation is a critical 
process. If the size of the nucleus of decomposition 
or ‘hot spot’ is greater than abcut 10-* cm. in 
diameter, then for a number of explosive materials 
there is a chance that the reaction will grow to 
explosion. Thermal factors determine this growth, 
and it is necessary for the rate of heat liberation to 
be greater than the rate of heat loss. Two problems 
in thermal explosion theory were analysed by Dr. 
G. B. Cook. The first was concerned with a slab of 
solid explosive, where one face is placed in contact 
with a constant-temperature bath. From his calcula- 
tions, he obtained a relation between ignition time 
and the temperature of the bath and the initial 
temperature of the explosive. The interesting point 
that emerges is that for a given initial temperature 
the order of thermal sensitivity can change with the 
bath temperature. The examples given by Dr. Cook 
are “Tetryl’, P.E.T.N. and R.D.X. 

A p per on the thermal decomposition of silver 
azide by Drs. B. E. Bartlett, F. C. Tompkins and 
D. A. Young was read by Dr. F. C. Tompkins. The 
decomposition was followed both above and below 
the crystallographic transformation at 190° C. Dr. 
Tompkins stressed the importance of the interfacial 
reaction at the product—reactant interface. Activation 
energies for the reaction were given. Below 190° C. 
this is 44 keal./mole and above that point it is 31 xcal./ 
mole. These authors also presented some results on 
the ionic and photoconductance of silver azide. 

Initiation by shock. Three papers were presented 
on the ignition of explosive materials by the com- 
pression of gas spaces. Dr. C. H. Johansson (Sweden) 
considered the case of liquid materials. He showed 
that in a number of cases a foam is produced during 
impact. This means that the disintegration of the 
liquid into tiny droplets is important. He also dis- 
cussed other experiments on the initiation of ex- 
plosion in liquids. 

To obtain accurate values for the energy required 
to ignite a number of sensitive materials, Dr. G. J. 
Bryan and Dr. E. C. Noonan (United States) and 
J. I. Evans and Dr. A. M. Yuill (Ardeer) have con- 
structed compression apparatus of advanced design. 
With this apparatus it is possible to vary the com- 
pression ratio and the time of compression, and it is 
also possible to record the light from the burning 
explosive by means of a photomultiplier. In the 
apparatus described by Dr. Noonan the gas pressure 
could also be read as a function of time. 

Prof. K. K. Andreev (U.8.S.R.) in a paper entitled 
‘Some Considerations on the Mechanism of Initiation 
of Detonation in Explosives” gave a résumé of his 
own and other Russian work. He also emphasized 
the importance of the disintegration of the solids. In 
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particular, he considers that the initiation of detona- 
tion is due mainly to the sudden rise in pressure when 
@ suspension of the solid explosive which is formed 
in the gaseous products of burning explodes. He 
also discussed Landau’s ideas on the effects of 
turbulence at the burning front of liquids and the 
mechanism by which suspensions might be formed. 
The work discussed by Prof. Andreev is relevant both 
to the initiation of explosion and to the growth 
mechanism to detonation. 

Structure and stability of inorganic azides. The 
marked difference in the decomposition behaviour of 
materials such as potassium azide and silver azide 
has led B. L. Evans to attempt to correlate the 
explosive sensitivity of these compounds with their 
crystal structure. He considered the azides and the 
isoelectronic cyanates, thiocyanates and fulminates. 
Thus in the case of azides the important factor to 
consider is the ionization potential of the metal com- 
pared with the electron affinity of the azide radical. 
This determines both the extent to which the valence 
electron is under the influence of the metal and the 
unit cell dimensions of the metallic azide. From the 
results that are available, Evans concludes that the 
explosive sensitivity is dependent on the ionization 
potential of the metal forming the azide. The ioniza- 
tion potential of the metal will also determine some 
of the physical properties such as the melting point, 
and it can be used to interpret results on photo- 
conduction, thermal decomposition and photochemical 
decomposition. 

Initiation by light. Prof. J. Eggert and his col- 
leagues (Switzerland) found some time ago that a 
number of sensitive materials could be ignited by a 
light flash of sufficient intensity. In presenting the 
Cambridge work, J. A. McAuslan discussed his own 
experiments on the ignition of lead styphnate, and 
that of G. T. Rogers on silver azide. A thermal 
mechanism has been postulated for the initiation of 
explosion, in which the absorbed light energy is con- 
verted into heat in a very thin layer near the surface. 
In the case of silver azide, however, this assumption 
has been questioned by B. L. Evans. His results on 
sensitized ignitions suggest that the primary action 
of the light is photochemical, but that propagation 
of reaction is thermal. A necessary condition for this 
growth to explosion is the formation of a molten 
layer on the surface. It is in the molten state that 
there is sufficient mobility of the azide radicals to 
give rise to explosive reaction. 

Dr. A. C. MeLaren and Dr. G. T. Rogers described 
their results on the absorption spectra (visible light 
and ultra-violet) and photoconduction of single 
crystals of silver azide. They explained their results 
on absorption spectra in terms of the formation of 
excitons. The photocurrent is due to the dissociation 
of these excitons into free electrons and positive holes. 
These results support the suggestion, made earlier, 
that during the ignition of silver azide by light the 
initiation is photochemical in nature. 

There was a vigorous discussion of the work pre- 
sented in these last two sections. In this discussion 
Dr. J. W. Mitchell outlined his views on the action 
of metal particles as electron-traps in silver azide. 
Dr. P. Gray gave his views on the use of enthalpies of 
formation in describing the behaviour of azides. 

Decomposition and explosion by ionizing radiations. 
The slow decomposition of a number of materials by 
X-rays was considered by Dr. J. V. R. Kaufman 
(United States) and by Dr. J. M. Groocock. The only 
material which explodes during irradiation is nitrogen 
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iodide. This was discussed by Dr. F. P. Bowden. In 
particular, he showed how McLaren’s results on the 
explosion of nitrogen iodide by «-particles could be 
shown to be the result of the removal of ammonia 
from the surface of the nitrogen iodide by the 
«-particles. Dr. Bowden also discussed some recent 
experiments by Deb, Evans and Yoffe on the use of 
the radioisotope of silver as a means of introducing 
cadmium into crystals of silver azide. 

The growth of explosion formed the subject of the 
second part of the discussion. An introductory paper 
by Dr. A. D. Yoffe on the work in Cambridge showed 
that the stages following on initiation of reaction 
are: (1) growth of reaction to an accelerating 
burning ; (2) transition from burning to low-velocity 
detonation ; (3) propagation of low-velocity detona- 
tion. Very little is known about stage (2). The 
growth of reaction to burning depends on thermal 
factors. The differences in behaviour of azides and 
the more complex materials during this stage can be 
explained in terms of the differences in the possible 
modes of decomposition of these materials. 

There is no adequate theory to explain the propa- 
gation of low-velocity detonation in solids. Factors 
such as the compression of trapped gas, inter- 
crystalline friction and break-up of the solid ahead 
of the flame front are important. They do not, 
however, explain all the results that are available. 
For example, Deb has found that a low-velocity 
detonation can be propagated through a single 
crystal of P.E.T.N. containing no obvious air pockets. 
The formation of a molten or of a vaporized layer is 
probably important in the growth to explosion and 
in the setting up of low-velocity detonation. 

High-speed photographic techniques were used by 
Dr. G. P. Cachia and Dr. E. G. Whitbread, by Prof. 
M. A. Cook (United States), and by Dr. C. W. Lampson 
and Dr. R. J. Eichelberger (United States) to follow 
the sympathetic detonation of solid explosives by 
shocks propagated across an air-gap or through a 
metal strip. Detonation in the receptor charge does 
not always occur at the surface in contact with the 
metal wafer, but initiation may occur within the 
body of the receptor. A ciné-film, prepared at the 
Aberdeen Proving Ground, United States, illustrated 
this effect. This film was remarkable for its clarity 
and showed a high degree of technical competence. 
It was much appreciated by all present. 

The detonation of pentolite in water by a remote 
spherical primer was discussed by Dr. C. H. Winning. 
Other papers presented were: studies on the oxida- 
tion induced by ultrasonic radiation on a solid system 
of lauryl aldehyde and potassium chlorate by Dr. 
F. A. H. Rice and Dr. D. Levine (United States) ; 
the ignition of primary explosives by electric dis- 
charges by Drs. R. M. H. Wyatt, P. W. J. Moore, 
G. K. Adams and J. F. Summer; some kinetic 
problems of fast reactions by Dr. R. B. Parlin and 
Prof. H. Eyring (United States); and lamellar 
twinning and decomposition in potassium azide and 
sodium azide by Dr. R..W. Dreyfuss and Dr. P. W. 
Levy. 

This discussion has shown that a good deal is 
known about the initiation of explosion in solids. In 
his summing up, Dr. F. P. Bowden said there is 
sufficient data now available for us to argue about 
the electronic structure and possible modes of decom- 
position of a number of materials. There are, how- 
ever, a number of outstanding problems. We know 
very little about radiation damage in solid explosives. 
There is also the question of spontaneous explosions 





on eae 





Eakauch ena 











SDS RMS ce tet wicca w tyne 

















Soren across SPR eee a 

















No. 4576 July 13, 1957 


in solids. So far as the growth of explosion is con- 
cerned we need more experimental results. In 
particular, there is even a lack of data of quantities 
such as thermal conductivity and specific heat. The 
disintegration and break-up of solids ahead of the 
reaction zone have been stressed by a number of 
workers. The formation of a molten zone and its 
importance, both in the growth of explosion and in 
low-velocity detonation, have been mentioned. With 
the development of new apparatus, and with the 
techniques now available, we may expect a rapid 
advance in the near future on this problem of the 
growth of reaction to detonation. 
A. D. Yorre 


RECENT ADVANCES IN HIGH 
POLYMER PHYSICS 


CONFERENCE on “Rheology of Elastomers” 

was held by the British Society of Rheology 
during May 29-31 at the British Rubber Producers’ 
Research Association, Welwyn Garden City. 

Equilibrium properties of rubberlike materials. 
In an introductory talk, Dr. L. R. G. Treloar 
(British Rayon Research Association) said that in 
the main the properties of rubber and of other poly- 
meric materials in the highly elastic or ‘rubberlike’ 
state are now well understood. The stress and 
birefringence of rubber subjected to different types 
of finite strain at various temperatures are described 
to a good .irst approximation by the ‘kinetic theory’, a 
relatively simple molecular theory which treats of the 
changes of configurational entropy and molecular 
orientation in a deforming network composed of 
flexible long-chain molecules. Reviewing the short- 
comings of the theory (in the Gaussian approxima- 
tion), Dr. Treloar said that for simple elongations in 
the range 150-500 per cent, the discrepancies between 
the theoretical and observed stress-strain relations 
have so far not received satisfactory ‘molecular’ 
explanation. 

A crucial test of the applicability of the kinetic 
theory to polymeric materials is furnished by the 
prediction that the rigidity modulus should increase 
linearly with the absolute temperature and with the 
concentration of junctions in the network. By using 
gelatin gels specially prepared to give junctions 
which are substantially unaffected by temperature 
changes, P. R. Saunders and A. G. Ward (British 
Gelatine and Glue Research Association) found that 
the rigidity: modulus did increase linearly with tem- 
perature in the range 0°-60° C. and at a rate com- 
parable with that required by the theory. Data both 
from gel rigidities and from dilute solution viscosities 
at different pH indicated that differences in the 
rigidities of ordinary gelatin gels must be attributed 
to differences in concentration and strength of net- 
work junctions, rather than to differences in mole- 
cular chain ‘stiffness’. 

Improved techniques for conditioning filaments of 
natural rubber so as to yield a more accurate attain- 
ment of thermodynamic equilibrium (required for 
comparison with the kinetic theory) were described 
by P. Thirion (Institut Frangais du Caoutchouc). 
For filaments held at constant extension in the range 
0-30 per cent, reversibility of tension—-temperature 
cycles (20°-60° C.) was attained to within 0-05 per 
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cent. A new derivation was given of Gee’s formula 
for determining the coefficients of change of entropy 
and internal energy with change of extension at 
constant volume and temperature. From the data, 
the corresponding coefficients at constant pressure 
and temperature were determined with accuracies 
of the order 0-03 gm./cm.?/deg. C. and 10 gm./cm.?, 
respectively. 

When the individual ‘links’ of long-chain molecules 
in a network have anisotropic optical polarizability, 
the network becomes birefringent when stressed. 
According to the kinetic theory, which assumes that 
no crystallization is present, the stress (for simple 
elongation) should be proportional to the magnitude 
of birefringence, and the constant of proportionality, 
or ‘stress—optical coefficient’, should not depend on 
the concentration of network junctions. Dr. D. W. 
Saunders (British Rayon Research Association) pre- 
sented data obtained at temperatures above the 
crystal melting points which agreed with both these 
theoretical predictions in the case of cross-linked 
natural rubber and gutta percha. For polythene and 
polymethylene, however, the stress—optical coefficient 
decreased with increase of junction concentration ; 
this was satisfactorily accounted for by extending 
the theory to apply to short-chain networks, and 
the data indicated that these two polymers had 
comparatively stiff chains. The problem of giv- 
ing a strict definition of chain stiffness was 
considered. : 

The creation and loss of junctions in a network 
deformed from its unstressed state were considered 
in a theoretical paper by Dr. J. Scanlan (British 
Rubber Producers’ Research Association). Tobolsky 
and co-workers have postulated a form of strain— 
energy function which would be obtained if the actual 
network behaved as if it were two independent net- 
works, each of which obeyed the kinetic theory. Dr. 
Scanlan showed that, in the case in which junctions 
are created but none is lost, this postulate can be 
justified, but in the case in which one junction is 
lost for every one created (in the deformed state), 
the postulated strain-energy function is correct in 
form but contains coefficients which must‘be cor- 
rected. Two arguments were presented—one based 
on the network theory of James and Guth, and the 
other on a corrected form of a theory given by Scott 
and Stein. 

Elastic recovery, flow and stress relaxation. A 
striking demonstration of high elastic recovery in 
a liquid was given by Dr. A. 8. Lodge (British 
Rayon Research Association), who poured a liquid 
(containing about 5 per cent aluminium laurate in 
paraffin) out of a bottle; on sharply cutting the 
liquid stream with scissors, the upper part of the 
stream snapped back into the bottle. ‘Dr. Lodge has 
applied the network theory of James and Guth and 
the theory of relaxing networks of Green and Tobolsky 
to the problem of elastic recovery in solutions of long- 
chain molecules; for the instantaneous recovery 
following steady laminar shear flow, the latter theory 
predicts an unexpected expansion in directions 
normal to the previous flow lines. The suggestion 
that this might contribute to the diameter increase 
commonly observed when polymer solutions and 
melts are extruded from tubes of circular cross- 
section gave rise to considerable discussion, and 
alternative explanations, also in terms of elastic 
recovery, were mentioned by Dr. P. Clegg (Imperial 
Chemical Industries, Plastics Division). Dr. Clegg’s 
data for molten polythene showed that at low flow 
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rates the diameter increase did not depend on tube 
length (in agreement with Dr. Lodge’s theory) but 
did depend on tube length at higher flow rates 
when the transit time through the tube became com- 
parable with the stress relaxation periods of the 
melt. In this case, the melt was presumably ‘re- 
membering’ its convergent flow at the entry to 
the tube. The main part of Dr. Clegg’s paper 
dealt with still higher flow rates, when marked 
irregularity occurred in the extruded filament. By 
observation of the motion of embedded particles and 
of coloured parts of the polymer, Dr. Clegg estab- 
lished that the cause of the irregularity lay in the 
conditions of flow in the region of entry to the tube ; 
a motion film was shown which clearly demonstrated 
very marked disturbances of flow in this region. 
Independent measurements of melt elastic properties 
suggested that polymers for which the irregular flow 
sets in at lower shear stresses (or rates) have longer 
stress relaxation times. 

Unoriented polymers crystallize if left long enough 
at suitable temperatures; crystallization can be 
accelerated by stretching processes which cause 
appreciable molecular orientation. To separate these 
causes of crystallization as far as possible, Dr. E. L. 
Foster and H. Heap (Imperial Chemical Indus- 
tries, Fibres Division) have constructed an apparatus 
with which a filament can be heated rapidly (in about 
1 sec.) and its tension—extension characteristics 
measured. Data for amorphous polyethylene tere- 
phthalate (“Terylene’) in the range 90°-120° C. showed 
that at low rates of strain the filament can be extended 
almost indefinitely with little increase in tension ; at 
high rates of strain, however, the tension increases 
catastrophically with marked increase in crystallinity, 
as indicated by X-ray data. 

Many measurements have been made of the 
relaxation of tension in a polymer strip which is 
rapidly extended and then maintained at constant 
extension. Prof. G. Gee, Dr. G. Allen and B. E. 
Read (University of Manchester) have constructed 
an apparatus in which the electronic recording of 
tension enables measurements to be made during the 
first ten seconds when most of the relaxation occurs, 
as well as at later times. Data were presented for 
natural rubber at moderate extensions (up to 50 per 
cent) and at temperatures in the range 45°—60° C., so 
that crystallization would be very limited. The data 
taken at the longer time intervals were used to 
calculate values for the activation energy and 
activation flow volume. 

Elastic recovery in polythene rods has been 
investigated by J. J. Benbow (Imperial Chemical 
Industries, Akers Research Laboratory). A rod was 
held twisted for a given time, released, and the sub- 
sequent untwisting measured as a function of time. 
Only at very small strains (about 0-1 per cent) did 
the results agree with a theoretical relation obtained 
by combining Boltzmann’s theory of the ‘elastic 
after-effect’ with the empirical result that internal 
friction in polythene subjected to oscillatory strains 
is independent of frequency. Polythene appeared less 
able to ‘remember’ the duration of the imposed twist 
as the magnitude of this twist was increased. The 
temperature was controlled at 30° C.; the maximum 
strain imposed was about 100 per cent. 

Miscellaneous properties of polymeric materials. In 
the mechanival response of polymeric materials to 
oscillatory strains of very small amplitude, an in- 
crease of temperature can, in a sense, be compensated 
for by a decrease of frequency. Ferry has given a 
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prescription for the appropriate changes of tem- 
perature and frequency scales whereby the data for 
dynamic modulus and dynamic viscosity for a given 
polymer can be superposed in master curves over a 
remarkably wide range. A. R. Payne (Research 
Association of British Rubber Manufacturers) gave a 
wealth of data showing the successful application of 
Ferry’s method to various cross-linked and uncross- 
linked rubbers, for dielectrical as well as for mech- 
anical measurements. In these correlations, there is 
only one disposable constant, a characteristic tem- 
perature the value of which is assigned empirically 
for each polymer. Mr. Payne also discussed data 
already published for a wide variety of polymers 
with particular reference to the temperature variation 
of the frequency at which the maximum value of 
tan 8 occurs, where § denotes the dielectric loss 
angle. 

In order to obtain a rational measure of tear 
resistance of a cross-linked rubber, the growth of 
tears in rubber has been studied under controlled 
conditions. The concept and determination of a 
characteristic tearing energy was discussed by Dr. 
H. W. Greensmith (British Rubber Producers’ 
Research Association). Measured values of this 
tearing energy showed much greater variation both 
with temperature and with rate of tearing for a syn- 
thetic rubber (@R-S) than for a natural rubber. The 
difference was attributed to the reinforcing effect of 
crystallization in the natural rubber. Addition of a 
filler to the synthetic rubber introduced a new 
maximum in the tearing energy when expressed as a 
function of temperature and tear rate. 

Exposure of a polymer to radiation from an atomic 
pile or from a high-energy electron accelerator 
usually either creates cross-links (network junctions), 
or breaks chains, but rarely does both together. 
Mechanical properties of polymers are in the main 
the same, whether the cross-linking is effected by 
irradiation or by more conventional chemical means. 
Dr. A. Charlesby, Miss J. Burrows and T. Bain 
(Tube Investments Research Laboratories) have 
measured the modulus, stress-strain curve, elongation 
at break, and tensile strength for irradiated rubbers 
reinforced with carbon black, with sulphur, and with 
other additives. No significant difference was 
observed as between ‘electron’ radiation and _ pile 
radiation ; the changes produced depended only on 
the total energy absorbed. There was some indication 
that chemical cross-linking gave a higher tensile 
strength than irradiative cross-linking. E. Fukada 
(Imperial College of Science and Technology, Lon- 
don) used y-radiation to cross-link samples of a 
commercial polyester resin to which different amounts 
of styrene had been added. The dynamic modulus 
and mechanical damping at temperatures in the range 
10°-160° C. at a single frequency of 0-22 cycle/sec. 
were obtained from observations of the horizontal 
and vertical deflexions of one end of a rod of the 
polymer which was rotated about its axis (held 
horizontally) by means of a rotating chuck at the 
other end. 

The conference was attended by more than one 
hundred people, including visitors from Japan. 
Germany, France, and a substantial number from 
Holland. Discussions were always lively, and one 


was left with an impression of a flourishing field of 


investigation of considerable fundamental as well as 
technical interest. Publication of the papers and 
discussions is in the hands of Pergamon Press. 

A. 8. LopGE 
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TREE PHYSIOLOGY 


HE physiology of forest trees has long been a 
neglected subject, partly due, no doubt, to the 
special difficulties of size and slow development which 
trees present to the experimenter. Nevertheless, 
there is evidence that interest in this field is rapidly 
gaining momentum. What is believed to have been 
the first major symposium on tree physiology was held 
at Harvard Forest, Petersham, Massachusetts, during 
April 8-12, under the sponsorship of the Maria Moors 
Cabot Foundation. The meeting was attended by 
physiologists and research workers from the United 
States, various Commonwealth countries and Europe. 
Much of the classical work on tree physiology was 
concerned with water relations, and it is clear from a 
number of the papers at the meeting that this is still 
an active field of work. Prof. P. F. Scholander, of 
the University of Oslo, critically examined the 
cohesion theory of the ascent of sap. In the past, 
one of the major difficulties for this theory has been 
the fact that water uptake continues even when the 
water columns in the wood are broken by air 
‘embolism’, Evidence was presented showing that, 
in the grape-vine, air entering severed vessels appar- 
ently does not spread beyond these vessels, and in 
the region of the cut sap flow is maintained in the 
interstices between the vessels. The patterns and 
rates of moisture movement in trees of various 
species were dealt with by Dr. K. N. H. Greenidge. 
A detailed study of seasonal. changes in the water- 
contents of the wood and bark of a large number of 
species by Prof. R. D. Gibbs (McGill University, 
Montreal) showed that several distinct seasonal 
patterns may be recognized in hardwoods, and in 
many cases similarities in these patterns followed the 
taxonomic relationships of the species. The mech- 
anism of maple sap flow has long puzzled plant 
physiologists, and a detailed re-assessment of this 
problem was given by Prof. J. W. Marvin (University 
of Vermont). Using an automatic recording device, 
he found that variations in the rate of flow in the 
spring appear to be related to temperature con- 
ditions preceding the time of flow. Yet another 
aspect of the water relations of trees was dealt with 
by Dr. E. C. Stone (University of California), who 
reported work on dew-absorption by seedlings of 
various species of conifer. It was shown that certain 
species are capable of surviving for long periods after 
the soil moisture has been reduced to the ultimate 
wilting point by the absorption of artificial) dew 
applied to the leaves, suggesting that: natural dew 
may be an important source of moisture for these 
species under desert conditions. 

Problems of photosynthesis in trees were dealt 
with by three speakers. Prof. P. J. Kramer discussed 
the photosynthesis of trees in relation to various 
environmental factors, and indicated how a con- 
sideration of this problem is of value in determining 
why forest trees react to environmental factors as 
they do. Prof. B. Hiiber (Forst botanisches Institut, 
Munich) described experiments to measure photo- 
synthesis and respiration continuously in the field, 
using. an infra-red recorder. In this way it was 
possible to study daily variations in the carbon 
dioxide content of air over a vegetation cover. 
Changes in photosynthetic efficiency of seedlings of 
Pinus taeda with increasing age were shown by Dr. 
F. H. Bormann (Dartmouth College, Hanover, N.H.) 
to be related to changes in the morphology of the 
primary and secondary leaves. 
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Several speakers dealt with the translocation of * 
metabolites in trees, and a lively discussion on the 
possible validity of the ‘mass-flow’ hypothesis of 
Minch constituted an important part of the sym- 
posium. Prof. Hiiber described observations on the 
daily variation in composition of phloem sap. These 
observations suggest that the entrance of food 
material into the sieve tubes is an active process, 
whereas its translocation appears to be essentially 
passive, since such different substances as fluorescein, 
sugars and radioactive isotopes move in the same 
direction and with similar velocities. Dr. M. H. 
Zimmermann (Harvard Forest) has examined the 
sieve-tube exudates of sixteen tree species. Observa- 
tions on the diurnal and seasonal fluctuations in the 
gradient of sugars in the phloem are consistent with 
the ‘mass-flow’ theory. A novel way of obtaining 
samples of phloem sap, by cutting off the stylets of 
aphids, was described by Dr. T. E. Mittler (Unit of 
Insect Physiology, Cambridge). The method has 
also been used with isolated stem segments to 
investigate the possible mechanism of phloem 
transport. L. : 

The importance of the xylem sap in the transport 
of organic nitrogenous materials was dealt with by 
Dr. E. G. Bollard (Department of Scientific and 
Industrial Research, New Zealand). A survey of 
more than a hundred species showed that they can 
be divided into three groups, according to the type 
of organic nitrogenous compounds predominant in 
the. xylem sap. In the majority. glutamine or 
asparagine was the principal compound; in some 
species citrulline was predominant, while in a third 
group allantoin or allantoic acid was present in the 
greatest quantities. By injecting rubidium-86 and 
calciurn-45 into the trunks of yellow birch and white 
pine, Dr. D. A. Fraser (Petawawa Forest Research 
Station, Chalk River, Ontario) was able to follow 
their upward movement in the xylem in the growing 
season, and the downward movement in the phloem 
in the autumn. 

Two papers dealt with the distribution of chemical 
constituents in relation to taxonomic groups. ‘The 
distribution of turpentines in a hundred species of 
the genus Pinus has been studied by Dr. N. T. Mirov 
(California Forest Experiment Station), who was able 
to relate similarities in the chemical constituents to 
taxonomic affinities. Prof. R. D. Gibbs described the 
results of the Miule test (which indicates the presence 
of the syringyl group in the wood) with more than a 
thousand vascular plants. The taxonomic significance 
of the results was discussed. 

The problem of frost-hardiness in Robinia pseudo- 
acacia has been studied by Dr. D. Simonovitch 
(Science Service, Ottawa). He found that seasonal 
changes in the frost-resistance of the living bark are 
closely associated with changes in the protein con- 
stituents, using electrophoretic methods. 

Dr. L. Leyton (Department of Forestry, Oxford) 
described observations on the relationship between 
tree growth and the mineral composition of the 
foliage of conifers, as a basis for the foliar diagnosis 
of mineral deficiencies. He gave examples in which 
this approach has been successfully employed in the 
diagnosis of deficiencies. 

Several sessions were devoted to various aspects of 
growth physiology in trees. Four papers dealt with 
problems of root-growth. Dr. 8. D. Richardson 
(University of Aberdeen) described experiments 
dealing with the interaction between shoot- and root- 
growth in sycamore (Acer pseudoplatanus), especially 
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during the period of shoot dormancy. Disbudding 
experiments suggest that even in apparently dormant 

ings, root development is dependent upon 
physiological activity of the buds, and the possibility 
that auxin produced by the bud stimulates lateral- 
root initiation was suggested. ‘lhe possible role of 
auxin secreted by the fungal symbiont in the forma- 
tion of mycorrhizal roots of pine was discussed by 
Dr. V. Slankis (Laboratory of Forest Pathology, 
Maple, Ontario). It has proved possible to reproduce 
mycorrhiza-like root morphology by applying syn- 
thetic auxins in the absence of the fungus. Dr. 8. 
Shapiro (Brookhaven National Laboratory) described. 
the effect of light on the emergence of roots on stem 
cuttings of Lombardy poplar. A few minutes of 
exposure to low-intensity illumination is sufficient to 
inhibit the emergence of the roots. The most active 
region of the spectrum lies in the red (6800 A.), the 
effect of which is partially reversible by far-red 
radiation. Polarity phenomena in the regenera- 
tion of buds by Lombardy poplar were: also 
described. 

The effect of aeration in root growth of trees was 
dealt with by Dr. Leyton. In the absence of oxygen, 
root-growth ceased in jack pine (Pinus banksiana) 
and black spruce (Picea mariana), whereas willow 
(Salix atrocinerca) is able to continue root-growth 
without any apparent deleterious effect on the 
shoot. 

Various other aspects of growth were covered by 
several speakers. The rate of cytoplasmic streaming 
in the cambial initials of Pinus strobus was studied 
by Prof. K. V. Thimann (Harvard University). The 
effect of indolyl acetic acid, enzyme inhibitors and 
oxygen tension was described. Cytoplasmic stream- 
ing shows marked seasonal variations. Dr. P. White 
(Jackson Memorial Laboratory, Bar Harbor) de- 
scribed tumours occurring on white spruce (Picea 
glauca), which arise as sectorial chimeras originating 
from single cells. In tissue culture, the tumour tissue 
shows characteristic metabolic differences from 
normal tissue. Variations in the amount of extract- 
able auxin, in relation to developmental changes of 
longleaf pine (Pinus palustris), were described by Dr. 
C. L. Brown (Texas Forest Service), and seed dor- 
mancy in various species of pine was discussed by 
Prof. E. C. Stone. 

A further session was devoted to photoperiodism 
in trees. Dr. R. T. Downes (U.S. Department of 
Agriculture, Beltsville) indicated the broad range of 
photoperiodic phenomena in tree seedlings. Dr. 
P. F. Wareing (University of Manchester) gave a 
comparative study of photoperiodism in seeds, buds 
and seedlings of a single species, Betula pubescens. 
The possible role of growth inhibitors in both seeds 
and buds was considered. Prof. 8S. 8. Pauley (Univer- 
sity of Minnesota) ized the importance of 
photoperiodism in forest tree breeding. 

The importance of ‘thermoperiodism’ in loblolly 
pine (P. taeda) was demonstrated by Prof. Kramer. 
Best growth was made with the greatest difference 
in day and night temperatures. Species of oak show 
similar effects. It was suggested that ‘thermo- 
periodism’ may be important in limiting the range 
of some species. 

The increasing importance of forest genetics has 
emphasized the need for a greater knowledge of the 
physiology of reproduction in trees, and there are 
signs that this\subject is beginning to arouse wide- 


interest. Dr. K. Sax (Arnold Arboretum) 
described experiments designed to elucidate the 
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physiological basis of several methods long used by 
horticulturalists to induce earlier flowering in trees 
namely, the use of dwarfing rootstocks, bark inversion 
and knotting of the stem. A study of flower initiation 
in spruce in relation to various external conditions 
was described by Dr. D. A. Fraser. 

Reproduction in pine was the subject of two papers. 
Dr. R. G. Stanley (California Forest E iment 
Station) is carrying out a biochemical study of male, 
female and vegetative structures of pine, and 
attempting to identify differences in metabolites and 
enzyme patterns. Dr. Wareing outlined observations 
on the reproductive development of Scots pine and 
attempted to relate this development to the ‘ageing’ 
of the tree as a whole and of the individual 
branches. 

There can be no doubt that the meeting was an 
outstanding success and will constitute a landmark 
in the development of this field of study. Tree 
physiologists are indebted to the Cabot Foundation, 
and especially sy mo Thimann and Dr. Zimmerman 
as organizers 0} meeting, for bringing th 
together to their mutual benefit. The predentings of 
the symposium are to be published in full. 

P. F. WaREING 


NEW NATURE RESERVES IN 
BRITAIN 


HE Nature Conservancy has announced the 

establishment of the following new nature 
reserves in England and Wales: Rodney Stoke 
Woods, Somersetshire ; Coed Tremadoc, Caernarvon- 
shire ; Craig Cerrig Gleisiad, Breconshire; and the 
existing reserve at Coed Rheidol in Cardiganshire 
has been extended. 

Rodney Stoke Woods—on the southern escarpment 
of the Mendip Hills—are the best example of a Mendip 
ash wood existing to-day. These Mendip woods are 
a scientifically interesting variant of the ash woods 
found throughout Britain on carboniferous limestone, 
which here underlies most of the reserve and in parts 
is exposed. The Reserve consists of an ash wood 
together with some rough grazing and covers an area 
of 65 acres: the highest part is 750 ft. above sea-level 
and the lowest about 200 ft. In these woods ash is 
the dominant tree and associated with it are the 
wych elm and field maple : the shrub and herb layers 
are very well developed. The whitebeam is common 
and the autumn crocus is locally abundant, while the 
blue gromwell is found in suitable habitats. Other 
characteristic plants of these wocds are Campanula 
trachelium, Daphne laureola and the small-leaved 
lime. Rock rose is common in the old pasture and 
ferns such as hart’s tongue, and Asplenium trichomanes 
occur in the rock crevices. The fauna is typical of 
the dryer Mendip woods, including badger, buzzard 
and many species of mollusc. 

Access to this reserve, which will be used for 
research on ash wood and its ecology, will be by permit 
only. Applications for such permits and for authority 
to collect specimens of animals and plants should be 
sent to the Regional Officer for the South West, 
Nature Conservancy, Furzebrook Research Station, 
Wareham, Dorset. 

The woods at Coed Tremadoe clothe precipitous 
cliff faces and the screes belcw them, and are a good 
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example of survival of oak-woodland, which at one 
time was frequently found on cliff and rock faces in 
Wales up to quite high altitudes. Owing to extreme 
steepness, many of the ledges and gulleys of the cliffs 
have escaped the intensive sheep grazing and human 
interference which has had such a great effect on 
almost every kind of vegetation in Britain. The 
reserve lies 1} miles north-east of Portmadoc and 
covers 41 acres. It is the third reserve within the 
Snowdonia National Park, and has been established 
under @ lease from Capt. S. T. A. Livingstone- 
Learmonth. The cliffs are composed of dolerite, 
which is @ basic intrusive igneous rock, though basic 
ashes and shales also occur. The vegetation is very 
complex, due to the variability of the habitat and its 
instability. Sessile oak is characteristic with some 
admixture of pedunculate oak and ash. Sycamore 
has obtained a footing on the lower scree slopes. _On 
the larger ledges and margins of scree such plants as 
marjoram and privet—both usually plants of chalk 
and limestone—are found ; while on smaller ledges 
and rock faces ivy, bell heather, ling, honeysuckle, 
wood sage, sweet vernal grass, and composites, such 
as cat’s ear, are prevalent, together with stunted, 
windswept oak. The shales have a flora which is 
more characteristic of acid soils and includes wavy 
hairgrass. Among the mosses, the rare Hedwigia 
integrifolia occurs. The crags are also the haunt of 
many small mammals and of birds, including the raven 
and peregrine falcon. 

Craig Cerrig Gleisiad and Craig Cwm Du are two 
Old Red Sandstone crags about a mile apart and 
surrounded by moorland. They lie at the western 
end of the high glaciated ridge of the Brecon Beacons, 
within the Brecon Beacons National Park, between 
the 1,600 and 2,000 ft. contours, and about six miles 
south-west of Brecon. The part of the reserve now 
being declared is the western or Cwm Du portion, 
comprising 576 acres. It runs westward from the 
north end of Craig Cerrig Gleisiad and includes the 
whole of Craig Cwm Du cliffs (highest point about 
1,750 ft.), the Nant Cwm Du valley and stream at 
their foot on the north side, and the moorland extend- 
ing north and east up to and including the rock 
outcrops of Fan Frynych. The reserve has been 
established under a Nature Reserve agreement with 
the owner, Mr. 8. E. Lewis. Negotiations are in 
progress to include the eastern cliffs of Craig Cerrig 
Gleisiad. The botanical interest is centred on rare 
arctic-alpine plants, notably purple saxifrage (Sazxi- 
frage oppositifolia), globe flower (T'rollius europaeus), 
green spleenwort (Aspleniwm viride), and lesser 
meadow rue (Thalictrum minus). The two cliffs form 
the southernmost limit for this element in the 
British flora. The adjacent moorland is of a more 
general ecological interest, with varied upland 
vegetation types including much bilberry and 
matgrass. 

In September 1956 the Nature Conservancy 
established the Coed Rheidol Nature Reserve covering 
an area of 18 acres. Two further small areas have 
now been added to this reserve; they lie on the 
western bank of the River Rheidol and link up with 
the small section of Dolgamfa Wood, which was 
included in the previous declaration, so that three- 
quarters of a mile of the western bank and half-a- 
mile of the eastern bank are now within the reserve, 
covering an area of 54 acres. The additional areas 
occupy steep rocky slopes ending in the vertical 
cliff of the river gorge. The rocks here consist largely 
of steeply inclined slabs of slate and shale, which 
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are unstable and consequently the nature of the 
ground here is extremely hazardous. The woodlands 
have an interesting flora particularly rich in moisture- 
loving and shade-loving plants including many 
species of mosses. 

Applications for permits, which will be necessary 
for those who wish to collect specimens of animals or 
plants in the Coed Tremadoc, Craig Cerrig Gleisiad or 
Coed Rheidol reserves, should be made to the: Con- 
servation Officer, Nature Conservancy, Y Fron, The 
Crescent, Upper Bangor, Bangor, Caernarvonshire. 


CARNEGIE INSTITUTION OF 
WASHINGTON 


REPORT FOR 1955-55 


HE Year Book 1955-56 of the Carnegie Institu- 

tion of Washington includes, besides the report 
of the President, reports of Departments and Special 
Studies and of the Executive Committee and Auditors. 
That of the Mount Wilson and Palomar Observatories 
refers to the completion during the year of the 
National Geographic Society—Palomar Observatory 
Sky Survey. A survey has been made of the present 
state of knowledge of the abundances of the elements 
in stellar atmospheres, and the programme of observa- 
tions of stellar magnetic fields and on the internal 
motions in the Orion nebula continued, while the 
investigation of cepheid variables and other distance 
variables in the Andromeda galaxy was virtually 
completed. An outstanding event was the explana- 
tion of the light-emission in the Crab nebula as due 
to electrons circulating in a magnetic field, and a 
theoretical study has been made of the sources of 
radio emission in N.G.C. 5128 and N.G.C. 1316. An 
improved photoelectric guide has been developed for 
use at the coudé focus of the 200-in. telescope and 
two completely new photometers designed by Baum 
are being made for the 60-in. and 100-in. telescopes 
at Mount Wilson. The Joint Committee on Large 
Tubes for Telescopes is attempting to extend both 
the effective distance in space accessible to such 
instruments and spectrum measurements down to 
much fainter objects. 

The Department of Terrestrial Magnetism found 
definite periodicities in the occurrence of radio-noise 
bursts from Jupiter, which were correlated with the 
rotational period of the non-equatorial regions of the 
planet. Exploration of the continental crust was 
extended into Alaska and the Yukon territory, and in 
rock-magnetism studies—in a co-operative project 
with the Bernard Price Institute for Geophysical 
Research at Johannesburg—progress was made in 
ascertaining the conditions under which a primary 
magnetization can survive under the influence of time 
and natural processes. A method has been developed 
for using the discordant ages calculated for uranium 
minerals to deduce the probable history of a group 
of such minerals subjected to the same sequence of 
events. In nuclear physics the study of low-lying 
nuclear energy-levels by the method of Coulomb 
excitation continued, and further evidence has 
accumulated in support of the Bohr—Mottelson 
unified model of the nucleus. In biophysics know- 
ledge of the characteristics of the relatively loosely 
held ‘pools’ into which small molecules are concen- 
trated before being linked into macromolecules has 
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been greatly increased, some of the immediate 
precursors of nucleic acid have been determined, and 
an upper limit of three seconds established as the time 
required for protein synthesis, most of the work being 
carried out with Escherichia coli but some with 
Torulopsis utilis. Radioactive tracer studies were 
earried out with Hydra littoralis and carbon-14 
glucose. Amino-acid tracers have been followed froma 
subcutaneous injection through the blood into cellular 
pools of free amino-acids and into the protein of 
new-born mice. During the year application of the 
membrane-filter technique to the problem of nucleic 
acid synthesis in HZ. coli demonstrated the formation 
and utilization of metabolic pools. of precursors, and 
indicated the part played by phosphorylated inter- 
mediates. A comparatively full account of this work 
is given in the Departmental report, while that of the 
Geophysical Laboratory, which had a particularly 
stimulating and productive year, includes detailed 
accounts of the work on phase equilibria at high 
pressure, in which an apparatus has been constructed 
capable of achieving pressures of 60,000 atmospheres 
at about 700° C., with which studies have been made 
of minerals, such as might exist deep in the Earth, of 
the stability of hydrous iron silicates on primitive 
magmas, and of the age of rocks and minerals in a 
co-operative programme with the Department of 
Terrestrial Magnetism which has shown that con- 
cordant ages for potassium-40/argon-40 and rubidium- 
87/strontium-87 are obtained when measured on 
ancient minerals. Other work, which has shown that 
amino-acids such as glycine, sarcosine, alanine and 
B-alanine can be formed from a variety of primitive 
atmospheres, work on sulphide systems, which has 
shown that pyrite (FeS,) is stable below 815° C. at 
5,000 bars, and work on feldspars and feldspathoids, 
on statistical petrology, and on the routine absolute 
measurement of beta radioactivity at low level from 
thick samples, in which a general relation was dis- 
covered between the beta-absorption coefficient and 
the maximum energy of the radioactivity, is also 
described in detail. 

The Department of Plant Biology has obtained 
evidence suggesting an active participation of carotene 
in the photochemical action of chloroplasts and, by a 
simple method developed for recording the absorption 
spectra of small amounts of pigments in living leaves, 
an unsuspected intermediate form of chlorophyll was 
discovered. Further progress was made in the work 
on the purification and characterization of the proto- 
chlorophyllprotein complex from leaves grown in the 
dark, and it has been found that the frozen and 
dried, partly purified, proteinaceous particles can 
transform the protochlorophyll to chlorophyll when 
illuminated in the dry state just as readily as when 
dissolved in water. The changes of absorption in 
Chlorella induced by light have been correlated with 
the ability of this alga to emit light, and three 
different types of active spectra have been found in 
studies cf the effectiveness of light of different wave- 
lengths in orientating the swimming of dinoflagellates. 
Data for a description of the behaviour of new types 
of hybrid grasses are expected to be complete in the 
next three years, and a comparative study of fifteen 
apomictic limes derived from a single first-generation 
hybrid between Poa umpla from Kahlotus, Washing- 
ton, and P. pratensis from Athabasca, Canada, indicate 
that a very wide range of selection is possible among 
the progeny of a single new, sexually reproducing 
hybrid. Stable apomictic derivatives from the 
combination’ P: ampla from the Palouse Prairie 
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region and P. arida from Nebraska have been pro- 
duced for the first time. 

In the Department of Genetics new experimental 
evidence was obtained that large, functionally intact 
pieces of viral nucleic acid may pass from parent to 
offspring phage, while genetic analyses, by the 
transduction method, of short regions of the chromo- 
some complex of the bacterium Salmonella typhi- 
murium have shown that mutations occurring at 
different sites of a single locus, although they affect 
one function primarily, may produce mutants differing 
considerably from one another in various properties. 
Several different controlling elements in the maize 
chromosome complement have been identified, and 
electron micrographs of salivary glands of Drosophila 
and of dividing cells of Tradescantia have been 
interpreted as indicating that the patterns of organiza- 
tion of their chromosomes represent a hierarchy of 
pairs of helically disposed chromonemata. Studies 
of the effect of ribonuclease, ethylenediaminetetra- 
acetate and calcium chloride én Drosophila and onion 
roots indicate that any agent which disrupts the 
normal metabolism of the cell can lead to instability 
reflected in modification of chromosome form and 
behaviour. The stage of development of the salivary- 
gland cell in Drosophila at which ‘blebbing’ of the 
nuclear membrane into the cytoplasm oceurs has been 
correlated with the assumption of a new function by 
the cell. A mathematical analysis of the dynamics 
of bacterial populations was completed. 

In the Department of Embryology exploration of 
the chemodifferentiation of the heart-forming areas 
of the early chick embryo demonstrated that anti- 
mycin A acts as a specific inhibitor of heart formation, 
while studies on the mechanism of the spacing of 
blastocysts along the rabbit uterus showed that the 
spacing was due to the delicate interaction of two 
méchanisms dependent on progesterone. Studies of 
the nature of the fluid of the rabbit oviduct were 
concluded, progress is reported in the analysis of the 
vascular changes in the menstrual cycle in the rhesus 
monkey, and further investigations of the vascular 
patterns of the placenta indicate that maternal blood 
enters the intervillous space from small blood vessels, 
the spiral arterioles, under a head of maternal 
pressure. The first phase of a study of the effects of 
reserpine on the reproductive cycle of the rhesus 
monkey was completed, 


CHEMICAL RESEARCH 
LABORATORY 


REPORT FOR 1956 


HE wide variety of research now in hand at the 
Chemical Research Laboratory is described in a 
report* entitled “Chemistry Research 1956”, pub- 
lished by H.M. Stationery Office for the Department 
of Scientific and Industrial Research. The investi- 
gation of corrosion problems has been continued. It 
includes research into the possibility of improving 
the efficiency of corrosion inhibitors for use im anti- 
freeze mixtures for engine-cooling systems, the study 
of the rapid pitting of boiler tubes in marine boilers, 
which it was found could be prevented by the addition 
* Chemistry Research 1956 : The Report of the Sa Research 
hemical Researc 


Board with the Report of the Director of the C! h 
ge pow: Pp. vi+86. (London: H.M. Stationery Office, 1957.) 
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of small amounts of copper to the steel used in the 
manufacture of the tubes, the discovery that the 
corrosion of buried pipes and underground fittings 
was due to the bacterial reduction to sulphide of 
large amounts of sulphates in the soil, and the cor- 
rosion of fuel pumps in aircraft by sulphur com- 
pounds, produced by bacterial reduction of sulphates 
in water, finding their way into petroleum above the 
water storage tanks. There were also purely scientific 
investigations of corrosion. 

Work on the separation of a number of rare earth 
metals by the use of columns of ion-exchange resins 
yielded important results improving the under- 
standing of the process and in particular the control 
of the various factors involved in a separation. 
Improved techniques have made possible better 
separations of light-earth fractions than have pre- 
viously been achieved. A large-scale apparatus 
capable of handling kilogram quantities of rare earths 
is now being used for this work. A simple but very 
effective method for the purification of mercury is 
described; investigations of the putrification of 
elements of interest as semiconductors are in progress, 
and reliable methods of measuring very small amounts 
of impurities in such materials are under invest- 
igation. 

Work on the extraction of uranium and thorium 
from minerals and ores is being done on behalf of the 
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United Kingdom Atomic Energy Authority, and new 
recovery methods are being studied. A great increase 
in the use of radioactive tracer techniques has taken 
place during the year. 

Much valuable work has been done on the properties 
of pure organic compounds and the mechanism of 
organic reactions. Determinations of heats of com- 
bustion are being carried out in collaboration with 
the National Physical Laboratory. Two principal 
lines of investigation into high polymers are the 
study of the structure and permeability of polymer 
films, and work on the fractionation of polymers and 
the determination of their molecular weights. Basic 
research into the ion-exchange and allied properties 
of cross-linked polymers is being continued. The 
preparation of ion-selective polymer films is of par- 
ticular industrial importance in the treatment of 
brackish water and also of effluents. 

It will. be seen that the Chemical Laboratory is 
actively engaged on a large number of researches of 
both purely scientific and industrial interest. The 
report'is by no means a bare summary of this work 
but is an interesting and useful source of much 
information which research workers will be pleased 
to have in such a compact form. The cover of the 
book shows a portion of the periodic table, and, of 
the atomic weights in it, fifteen differ from the values 
in the 1955 international table. 


AUTONOMOUS ACTION OF LETHAL MUTATIONS INDUCED IN 
THE GERM CELLS OF DROSOPHILA MELANOGASTER BY 
2-CHLOROETHYL METHANESULPHONATE 


By C. E. PURDOM* 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, Fulham Road, 
London, S.W.3 


N young Drosophila males the sperm to be utilized 
for successive broods of offspring comes from 

successively earlier stages of spermatogenesis in the 
testis, from mature sperm to early spermatogonia. 
Following treatment with a mutagen, the pattern of 
effect measured in successive broods will be a reflexion 
of the sensitivity of the various germ cell stages to 
the action of the mutagen. 

The mutagenic properties of 2-chloroethyl methane- 
sulphonate (C.B. 1506) have been studied by Fahmy 
and Fahmy’, who found that the ratio of sex-linked 
recessive visibles to lethals rises in the later broods, 
from 0-35 in broods utilizing sperm from post-meiotic 
cells to 0-6-1-0 in broods utilizing sperm from pre- 
meiotic cells at the time of treatment. Three possible 
explanations of the phenomenon may be listed. 


(1) The mutagen may have some specific action 
on the visible loci concerned. This presupposes some 
common chemical properties of the visible loci as a 
whole as compared to the lethals as a whole and also 
leaves unexplained the difference between pre- and 
post-meiotic cells. 

(2) The mutagen may induce more ‘point muta- 
tions’ in the pre-meiotic cells. This would produce 

* Gordon Jacob Fellow, Royal Marsden Hospital. 


an increase in the visible to lethal ratio, since in 
larger areas of chromosomal damage, the locus with 
the earliest action? would be the definitive one, 
masking the presence of others, in this case, visibles. 


(3) Essentially the same proportions of the 
different mutations may be produced in all cells; 
but some of the lethals induced in the pre-meiotic 
cells may act autonomously, killing the cell before 
it produces sperm, thereby increasing the observed 
proportion of visibles. 


This present investigation was undertaken to 
examine the last possibility, that the increase in the 
ratio of visibles to lethals was produced by adverse 
selection in the germ line against lethals functioning 
autonomously. 

Approximately 0-2 ul. of a 0-2 per cent solution 
of C.B. 1506 in 0-4 per cent saline was injected into 
the abdomens of Drosophila males (Oregon-K stock), 
48 + 4 hr. after emergence. The treated males were 
tested by the OCy/L technique* for the detection of 
autosomal (2nd chromosome) and sex-linked muta- 
tions. Lethals were scored as cultures containing no 
non-Muller-5 males at all in the Ff, and confirmatory 
F, for the sex-linked data, and no Cyt/L* flies in 
the F, and F, for the 2nd chromosome data. Visible 
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Table 1. A COMPARISON OF THE [INDUCTION OF SEX-LINKED RECESSIVE MuTATIONS (A) AND 
BY C.B. 1506 
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2ND CHROMOSOME RECESSIVE LETHALS (B), 





Days 4 
A_ Brood I Il Ill 
Total chromosomes tested 1,501 406 249 
Total lethals 16 2 16 
X, Lethals (per cent) ‘ y * 














Weighted mean 
Total visibles 
Visibles/lethals 
tat fod 
Total visibles/lethals 0-29 
B Total chromosomes tested 707 282 181 
Total lethals 17 10 | 21 
X, Lethals (per cent) 2- 8-5 11°6 
_ 
Weighted mean M, = 6°7; o, = 0°76 
| Ratio I1/xX 22 ! 70 36] 18 
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| 1-9 set = 0-11 
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mutations were scored in the sex-linked experiment 
only, and scored as mutations producing any non- 
Muller-5 males which showed any deviation from the 
Oregon-K phenotype. ‘Semi-lethals’ which produced 
a marked reduction in the numbers of wild-type 
males in the F,, but with no phenotypic deviation, 
were not classed as visibles nor included in the lethal 
data. 

The results are shown in Table 1 and represented 
graphically in Fig. 1. Broods I-IV and VI-IX are 
taken together, since the comparisons to be made 
are between post-meiotic mutations I-IV, and pre- 
meiotic mutations VI-IX. Brood V is not included 
in either since overlapping may occur here. The 
yield of 2nd chromosome lethals is approximately 
double that of sex-linked lethals for the first four 
broods. A two by four contingency table of the sex- 
linked and 2nd chromosome lethals in the first four 
broods gives a value of y* = 2-9; v = 2; P = 0:25; 
thus there is no indication of heterogeneity through- 
out these broods. For broods I-IX (except VI) 
x? = 16-5; v =6; P = 0-01. This indicates a con- 
siderable amount of heterogeneity in the results 
which must be due to the increase in the ratio of 
autosomal to sex-linked lethals in the later broods, 
the value 5-3 for broods VI, VIII and IX being well 
outside 3s for broods I-IV, the ratio being 1-9 + 
0-33 (Table 1). 

The data on visible mutations are not sufficiently 
large for statistical analysis, but agree in general with 
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the data from the larger experiments by Fahmy and 
Fahmy’, in showing a disproportionate rise in fre- 
quency as compared to lethals in the later broods. 
The exceptionally low incidence of visibles in brood I 
in the present experiment is probably not significant. 

The autonomous nature of many lethal mutations 
in somatic tissue of Drosophila has been demonstrated 
by Ephrussi*, Démerec® and Stern*, who studied the 
fate of cells homozygous or hemizygous for a lethal 
mutation, arising by somatic crossing-over or non- 
disjunction in viable heterozygotes, and found that 
even single cells surrounded by normal tissue die. 
Similarly, Gloor? demonstrated that some lethal 
factors function autonomously in male germ cells 
transplanted into genetically normal hosts, the germ 
cells not developing beyond the stage they normally 
reach in the donor. Thus an a priori consideration 
may be given to the interpretation of the results of 
Fahmy and Fahmy’ and of the present investigation 
in terms of germinal selection by autonomous action. 

Of the three explanations given in the introduction, 
the first clearly lacks experimental or theoretical 
support. The second is also untenable, since if more 
‘point mutations’ were produced in the later broods, 
the same proportion of autosomal and sex-linked 
lethals should be produced throughout, and this is 
clearly not so. The third explanation fits the observa- 
tions. Developing spermatids and spermatozoa seem 
to be protected against the harmful effects of quite 
drastic genetical damage, since extensive chromosomal 
aberrations which later produce dominant lethality 
persist in sperm which is still capable of fertilization. 
Therefore, the proportions of these lethal mutations 
and sex-linked visibles detected in the late germ cells 
are a good estimate of the actual proportion pro- 
duced in the cells themselves. The results show a 
striking increase in the yield of autosomal recessive- 
lethals and sex-linked recessive visibles against sex- 
linked recessive lethals in late broods. The former 
mutations are both ineffectual when induced in pre- 
meiotic cells ; the autosomal lethals exist in the form 
of viable heterozygotes, the visibles are by definition 
non-lethal ; whereas sex-linked lethals in the hemi- 
zygous state may be eliminated by autonomous 
action. Since there is no evidence that the above 


classes of mutations are produced in different pro- 
portions in different chromosomes, throughout the 
stages of the germ line, it must be concluded that 
the divergence in the relative yields of autosomal 
lethals and sex-linked visibles from sex-linked lethals 
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is most probably due to adverse selection against the 
latter by autonomy. 

I wish to thank Dr. O. G. Fahmy for his interest 
in this work. This investigation has been supported 
by grants to the Chester Beatty Institute (Institute 
of Cancer Research, Royal Marsden Hospital) from 
the British Empire Cancer Campaign, the Jane Coffin 
Childs Memorial Fund for Medical Research, the 
Anna Fuller Fund, and the National Cancer Institute 
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of the National Institutes of Health, United States 
Public Health Service. 


1 Fahmy, O. G., and Fahmy, M. J., Nature, 177, 996 (1956). 
® Hadorn, E., ‘‘Adv. in Genetics”, 4, 53 (1951). 

* Auerbach, C., Z, Vererbungslehre, 86, 113 (1954). 

‘ Ephrussi, B., Proc. U.S. Nat. Acad. Sci., 20, 420 (1934). 
5 Demerec, M., Amer. Nat., 68, 165 (1934). 

* Stern, C., Proc. U.S. Nat. Acad. Sci., 21, 374 (1935). 

7 Gloor, H., Rev. Suisse Zool., 50, 339 (1943). 


ROLE OF CATIONS IN PHAGE ADSORPTION TO SENSITIVE 
BACTERIA 


By J. BEUMER, J. DIRKX and M. P. BEUMER-JOCHMANS 


Institut Pasteur de Bruxelles, Belgium 


T has been shown previously! that the adsorption 

of phage H-SHPB(Ca), which is a temperate 
phage isolated from the lysogenic coliform strain 
‘Lisbonne’, on the Shigella dysenteriae strain SHPB 
in broth requires calcium ions, whereas the adsorption 
of the same phage on another Sh. dysenteriae strain 
(Flexner 6 S) does not. 

This led us to investigate further the role of cations 
in adsorption of phage H-SHPB(Ca) on sensitive 
bacteria. The experimental procedure was as follows. 
To living bacteria from 5-hr. old cultures, suspended 
in maleate—buffer solutions of various mono- and di- 
valent cations at pH 7:3, phage was added at a 
concentration of about 1 phage to 100 bacteria. 
After 5 min. in the water-bath at 37° C., 1 ml. of the 
bacteria + phage mixture was cooled in ice and then 
centrifugated at 3,000 rev./min. for 5 min.; the 
bacterial sediment was resuspended in 1 ml. broth 
and the adsorbed phage was titrated by plating the 
resuspended bacterial sediment on a sensitive strain 
(SHPB). The percentage of adsorbed phage is 
calculated directly by comparing the titre of the 
phage in the bacterial sediment to that initially 
introduced in the bacterial suspension. 

The experimental results (to be published in 
detail elsewhere*) show that in very dilute maleate— 
buffer solutions no adsorption of the phage takes 
place and that very precise cationic conditions must 
obtain for this adsorption to occur. As can be seen 
from Table 1, in sodium maleate adsorption of the 
phage on the R forms of sensitive bacterial strains 
(SHPB, Y6R and F6 R) only takes place at con- 
centrations between 0-01 and 0-04 or 0-06 M sodium 
ions, adsorption being inhibited at higher concentra- 
tions. The adsorption of phage on the S form (F'6 S), 
however, does not occur below 0:03 M sodium and 
is not inhibited by sodium ion concentrations as 
high as 4M. Other monovalent cations, such as 
potassium, ammonium or (CH,;),NH,*, are effective 
at concentrations similar to those of sodium. Divalent 
cations (calcium, strontium, barium and magnesium) 
promote adsorption at a concentration of 0-001 M or 
higher ; that is, they are ten times more efficient 
than monovalent cations. Except for magnesium 
ions, which inhibit adsorption at concentrations 
higher than 0-04 M, no inhibition by divalent cations 


MOLECULAR CONCENTRATIONS ALLOWING ADSORPTION OF 
PHAGE H-SHPB(CA) ON: 


Table 1. 


é SHPB Y6éR F6R F6S 
Sodium maleate 0-014-0-04 0:-016-0-06 0:01-0:06 30-03 
Calcium maleate > 0-001 >0-001 >0-001 > 0-004 


could be demonstrated at concentrations up to 
0-09 M, and higher concentrations were found to be 
toxie for the phage. 

Thus the necessity of calcium for the adsorption 
of phage H-SHPB(Ca) on some strains in broth is 
not a specific requirement for that ion, but the ex- 
pression of a more general need, that of cations in 
adequate concentrations, as Puck and his co-workers* 
have shown for the 7'-system of phages. The cationic 
environment required for phage adsorption varies, 
not only with the phage as Puck has shown, but also 
for the same phage with the sensitive strain under 
test. The S strain (F6S) exhibits a behaviour 
different from that of R strains, in being far less 
sensitive to the inhibition by high concentrations of 
sodium ions. It has been shown elsewhere‘ that the 
R strains, while not adsorbing the phage in broth 
(containing 0-:2.M monovalent cations), are able to 
adsorb it in broth diluted 1:5 with distilled water, 
because the dilution lowers the concentration of 
monovalent cations to a level (0-04 M) compatible 
with phage adsorption on the R strains. The S strain, 
in contrast, adsorbs the phage in undiluted broth. 

Following Puck and Sagik‘, cations are required 
for phage adsorption, to reduce the negative charge 
of the phage, so lessening the repulsion energy pre- 
vailing between phage and bacteria, which are both 
negatively charged. Cations seem thus to act only 
by their electric charge. As we have observed, the 
adsorption of the same phage on different bacterial 
strains may require different cationic conditions. In 
order to find a tentative explanation of the role of 
cations in phage adsorption, we have investigated 
the electrophoretic mobilities of both phage and 
bacteria, with the view of determining their electrical 
potential. 

We find, for bacteria, the classical electrophoretic 
properties, that is, each ion exerts a weak but specific 
effect on the mobilities, divalent cations reduce the 
mobilities by a factor of about 2 and the R and S 
strains showed a marked difference in mobilities®. 

From the mobility values, the ¢-potentials were 
calculated and their values are summarized in 
Table 2. 

The mobilities of the phage at various ionic con- 
ditions were determined by the Hittorf method ; but, 
for the subsequent calculations to be performed, 
hypotheses must be introduced concerning the form 
of the particle. As shown by electron microscopy, 
the phage possesses a classical structure with a head 
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Table 2. VARIOUS ELECTROCHEMICAL CHARACTERISTIOS OF PHAGE AND BACTERIA 
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Charge Ionic density in the ¢-plane of bacteria 
¢-Potential density (o-*) 
Ion Conc. of pi 
SHPB F6R Y6éR F6 S H— (107°) SHP B F6R Y6éR F6S 
8 x 10" 85-6 86-6 89°5 56-3 19-6 1-08 5-02 5:17 5°84 2-89 
Sodium | 2 x 107? 101 °2 96°8 103-0 47°7 24-2 0-667 3°42 3°14 3-53 1-16 
8 x 10-° 114°3 109-2 111°3 54°8 18-2 0-336 2°58 2°50 2-64 0-765 
4x 10°? 41-2 38-5 37-7 | 20-9 1-86 0-12 3-36 3-02 2-94 1-42 
Calcium | 2 x 107° 49-0 48-0 63-0 | 27-4 18-0 0-282 102 | 0-978 1-73 0-431 | 
| 4 x 10-* 44°6 46°3 61°38 | 25°5 14-2 0-108 0-385 0-409 | 0-740 0-176 
| 














All potential values are expressed in millivolts. The charge densities are expressed in number of elementary electronic charges per square 
micron. Concentrations are in molarities 


about 75 mj in diameter, surmounting a tail 240 mu 
in length and 25 my in diameter. The lack of 
knowledge about the frictional coefficient of such 
@ form making the calculation practically impossible, 
we thus assumed that the phage acts as an ‘equivalent 
cylinder’, the length of which is that of the phage 
and with an ‘equivalent radius’ of 16-8 my. More- 
over, we suppose that this particle possesses a per- 
manent dipole which causes the phage to be orientated 
parallel to the electric field. 

On these assumptions we were able to calculate 
the ¢-potential of the phage and to determine also 
its charge by using the Gorin equation : 

@~ C(L + 2r) K,(%.r) xr 
2 K,(x.r) 


in which Q is the charge, ¢ the ¢-potential, L the 
length of the equivalent cylinder, r its radius, x the 
Debye—Hiickel parameter and K, and K, Bessel 
functions varying with the product x.r. 

We have also calculated the electro-ionic densities 
of the bacteria in their ¢-plane. All calculated values 
are listed in Table 2. 

If, according to Puck and Sagik*, the fixation of 
a phage on a sensitive bacterium results from the 
neutralization of the negative charges carried by the 
phage by the positive cations surrounding the 
bacterium, it may be concluded, from the values in 
Table 2, that fixation will occur at all concentra- 
tions listed here, owing to the fact that the positive 
charge densities around the bacteria are, in all cases, 
greater than the negative charge of the phage. 

In fact, our experiments have demonstrated that 
the adsorption of the phage particle on the sensitive 
strains occurs only in a much more limited range of 
concentrations. We propose to explain this phe- 
nomenon in terms of the stability of colloids, con- 
sidering the phage-bacteria suspension as a colloidal 
pool for which the fixation of the phage on the 
bacteria can occur only for ‘flocculating’ values of 
the ionic strength. 

For this purpose, we use the stability theory of 
Verwey and Overbeek’ with some modifications to 
take into account the differences in shape and charge 
between phage and bacteria. Finally, we arrive at 
the following expressions. 

For the repulsive energy, Vy: 

Vr = ©4.0,.0, In {1 + exp (— x.H,) } 
in which ¢ is the dielectric constant of the medium, 
@ is the equivalent radius of the phage, €, and ¢, 
the {-potentials of the phage and the bacteria 
respectively and H, is the shortest distance between 
the particles ; and for the attractive energy, V,: 


ae — A.a 1 








were - 
in which A is the London—Van der Waals attraction 





constant. The reasons for adopting these formule 
have been described in detail elsewhere®. 

From these formule, we can obtain the total 
energy of interaction curves between phage and 
bacteria versus the distance H, between them. If, 
on the other hand, ionic conditions are allowed to 
change, a family of curves is then obtained. Fig. 1 
shows such a family for the monovalent cations, and 
Fig. 2 that for the divalent ones. It is clear from these 
curves that, as soon as an energy barrier sufficiently 
high (greater than 10 kT as stated by Verwey and 
Overbeek) or sufficiently long (greater than 100 A.) 
exists, phage adsorption becomes impossible. This is 
fully confirmed by our experiments for all R-type 
bacteria, but not for the F6S strain. The energy 
barrier vanishes progressively with increasing ionic 
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Fig. 1. Energy of interaction between phage and bacteria for 


various concentrations of monovalent ions. Abscissa: distance 
between phage and bacteria in “cage units. Ordinate : energy 
of interaction expressed in multiples of &7’. The repulsion energy 
is taken positively, the ahtenahtve one negatively. The full lines 
are for the R strains, the broken a for the F6 S. 
Curves 1a and 1) correspond to [Nat] = 8 x 10-*; curves 24 
and 2b to [Na+] = 2 x 10-* and =_— ay and 8b’ to (Nat] = 
8 x 




















and bacteria for 


Fig. 2. Energy of interaction between P 
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various concentrations of divalent 

same as in Fig. 
Curves 1a and 1) correspond to ass} = 4x 10-‘; curves 2a 
and 2b to [Ca++] =2 x 10-* and curve 3 to Catt] = 
4x 10-*. In this last case, the curves for the S and R strains 
are so close together that they cannot be drawn se 
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strength and phage adsorption becomes possible, 
which is in full agreement with experimental results 
for the RF strains. 

Two special cases, however, seem not to obey 
Verwey and Overbeek’s theory. 

The first one is concerned with the F6S strain, 
for which fixation takes place only at high ionic 
concentrations despite the fact that no energy barrier 
exists at any of the ionic strengths tested. In other 
words, we can say that fixation of the phage on the 
F6S strain occurs only when attraction predom- 
inates, as can be seen on the curves of Figs. 1 and 2. 
. This suggests that another type of barrier must be 
present around these bacteria; for example, a 
mechanical one. We believe this mechanical barrier 
is formed by the superficial S antigen, this view 
being consistent with the fact that phage fixation on 
the F6 S strain requires an attractive energy of the 
same order of magnitude as that necessary for pro- 
tein denaturation. The S strains seem, in a general 
manner, to show very anomalous electrochemical 
behaviour (unpublished work) and probably require 
a complete re-investigation according to their 
particular properties. 

A second point that cannot be explained by the 
theory presented here is the inhibitory effect of 
cations at high concentration. Nevertheless, a rela- 
tion seems to exist between the inhibitory effect of 
highly concentrated cations and the fraction of the 
bacterial surface occupied by them. As soon as this 
surface fraction becomes higher than 10—12 per cent 
of the total bacterial surface, no subsequent fixation 


NATURE 


85 





occurs on the # strains. It may be suggested that, to 
explain the inhibition, the surface fraction occupied 
by the ions is not the sole determining factor but 
that the energy of binding of these ions to the 
bacterial surface, depending on the bacterial poten- 
tial, must also be taken into consideration. If this is 
correct, it may be inferred that, on the S strain, a 
higher surface occupation will be tolerated before the 
inhibition takes place, because of the much smaller 
potential of these strains. 

On this basis it was calculated that inhibition 
should begin for the S strain at a concentration as 
high as 4 M for the monovalent cations. This point 
seems to be experimentally confirmed. 

For the divalent cations, inhibition would begin 
at 1M, but this last point was impossible to in- 
vestigate, the phage being destroyed too rapidly in 
these media. 

The treatment of the inhibition with the aid of 
the statistical theory of the condensed state will 
give, perhaps, a better explanation of the experiments. 


1 Beumer, J., and Beumer-Jochmans, M. P., Ann. Inst. Pasteur, 89, 
394 (1955). 

* Beumer, J., Beumer-Jochmans, M. P., and Dirkx, J., Ann. Inst. 
Pasteur (in the press). 

* Puck, T. T., Cold Spring Harbor Symp. Quant. Biol., 18, 149 (1953). 

*Beumer, J., Beumer-J , M. P., and Dirkx, J., Ann. Inst. 
Pasteur, 91, 397 (1956). 

5 Puck, T. T., and Sagik, B., J. Hap. Med., 97, 807 (1953). 

* Moyer, L. 8., J. Bacteriol., 82, 483 (1986). 

* Verwey, E. J. W., and Overbeek, J. T. G., “Theory of the Stability 
of Lyophobic Colloids” (Elsevier Pub. Co., 1948). 

* Dirkx, J., Beumer, J., and Beumer-Jochmans, M. P., Ann. Inst. 
Pasteur (in the press). 


LOCALIZATION OF RADIOACTIVE AND STABLE HEAVY 
NUCLIDES IN OCEAN SEDIMENTS 


By G. ARRHENIUS and M. N. BRAMLETTE 


Scripps Institution of Oceanography,] La Jolla, California 
AND 
E. PICCIOTTO 


Laboratoire de Physique Nucléaire, Université Libre de Bruxelles 


VARYING fraction of the sediment accumu- 

lating on the ocean floor consists of solids 
formed by precipitation from solution in the sea 
water, at the sediment surface, and in the sediment. 
Among these marine hydrogenous minerals are 
zeolites, manganite, goethite, barite and possibly 
some clay minerals, rutile and anatase. Also, a 
number of ionic species are transferred to the 
sediment by sorption in the molecular pores of 
the zeolites! and in the central layers of the man- 
ganites*-*. (‘“Manganite’ is in this communication used 
as a chemical term, in accordance with Buser and co- 
workers*, The proper mineral name will be discussed 
elsewhere.) An extensive review of the distribution 
of rare metals in sedimentary rocks and an evaluation 
of the possible processes leading to this distribution 
have been published by Krauskopf*. There are few 
cases where the localization of trace elements in 
specific mineral constituents of fine-grained sedi- 
mentary rocks has been demonstrated directly. 

The localization of trace metals in the minerals of 
ocean sediments is of special interest in the case of 
the naturally radioactive elements. The use of these 
elements for geochronological purposes depends 





largely on understanding the mechanism of transfer 
from the ocean to the sediment, and of redistribution 
following radioactive decay. 

It is known that ionium (thorium-230) is at least 
partly separated from its predecessors in the ocean 
and carried to the ocean floor, where it generally 
gives rise to a high radium content. Several hypo- 
theses have been advanced as to the mechanism of 
transfer of thorium from the ocean water to the 
sediment. Verification of any hypothesis by determ- 
ining the localization of the thorium in particular 
constituents of the sediments has, however, been 
lacking, although Goldberg and Picciotto’s finding* of 
a high thorium content in manganese nodules as well 
as Goldberg’s theoretical considerations® point to the 
manganite as an important host mineral for this 
element. 

Attempts to determine the ionium- and thorium- 
carrying minerals were started at Scripps Institution 
of Oceanography by E. D. Goldberg and us in 1954. 
Nuclear-emulsion techniques and B-counting demon- 
strated that most of the «- and £-activity from 
visible sources in the South Pacific sediments investi- 
gated was concentrated in authigenic crystals of 
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phillipsite*. Further investigations were carried out 
in the Institute of Nuclear Physics of the University 
of Brussels, using sediments from the North Equa- 
torial Pacific with a low content of phillipsite. The 
distribution of «-activity was studied by autoradio- 
graphs of sections of sediment cores, and by suspension 
of sediment in liquid nuclear emulsion. The results 
of the suspension studies can be summarized as 
follows : 

(1) The biogencus opal (mainly in the form of 
diatom frustules and radiolarian skeletons) is entirely 
inactive. 

(2) 10 per cent of the «-tracks originate from small 
crystals (of the order lz) with a high refractive 
index. The specific activity of this mineral, which is 
possibly barite, is very high. 

(3) 15 per cent of the activity occurs in aggregates 
with an average size of 3-10y, frequently with a 
barium content exceeding 10 per cent and with 
densities ranging from 2-1 to 2-3. These aggregates 
may be fecal pellets of benthonic animals. 

(4) 25 per cent of the activity is associated with 
amber-coloured, fibrous fragments of widely varying 
size, mostly 20-100u. The specific activity is of the 
order of 10-* curie per gm. These fragments were after- 
wards demonstrated to consist of fibrous apatite and 
organic matter, and to be skeletal debris of fish. 

(5) The remaining 50 per cent of the «-tracks do 
not originate from any visible solid sources, and are 
supposed to indicate radioactive matter in true or 
colloidal solution in the pore water of the sediment, 
or displaced from the solids of the sediment upon 
suspension in the photographic emulsion. 

Subsequent analysis of skeletal fish debris from 
pelagic sediments of late Pleistocene to Recent age 
revealed that this material has a remarkable com- 
position. In addition to the very high content of 
radioactive elements, there were found several per 
cent of the rare-earth elements, 0-6-1-5 per cent 
zinc, 0-1-0-5 per cent copper, 0-05—0-15 per cent tin 
and 0-03-0-10 per cent lead. 

By separation of the organic phase of the fish 
debris from the apatite phase, it was demonstrated 
that the rare-earth elements and most of the stron- 
tium and barium occur in the apatite structure, 
whereas the organic phase contains the zinc, tin, 
lead, titanium, copper and silver, and much of the 
magnesium, aluminium, chromium and nickel. 

Some of the bone and scale debris could be 
identified as derived from various genera of bathy- 
pelagic fish (Hubbs, Dr. Carl L., personal com- 
munication). One fragment appeared to be a part 
of a squid beak. 

Analysis of the ashed residue of macerated bathy- 
pelagic fish caught by tow-net did not reveal any 
high concentrations of heavy metals, except for 
copper (0-03-0-04 per cent), zinc (0-01 per cent) and 
lead (0-005—0-01 per cent). These amounts, however, 
are considerably smaller than those found in the 
fossil debris. The concentration of heavy metals in 
the fish debris, therefore, appears to have taken place 
after the death of the organism. Fish debris from 
the top stratum of the sediment, corresponding to a 
time period of about the past ten thousand years, 
had already reached the same high concentration of 
heavy metals which is found in debris from Tertiary 
strata. It is thus evident that the concentration 
takes place in an early phase of the accumulation of 
the sediment. The measurements of the uranium, 
ionium, radium and thorium content of the fish 
debris have not yet been completed. Several facts 
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suggest, however, that the high radioactivity of the 
Recent and Pleistocene fish debris is mainly due to 
thorium isotopes and their daughter products. The 
limitation of the highly alpha-active spots to the 
upper strata in the cores excludes the possibility of 
dominant uranium support ; but, on the other hand, 
the active spots extend too far down to consist 
dominantly of unsupported radium. The high con- 
centration of the rare-earth elements makes it highly 
probable that thorium, which has a geochemical 
behaviour similar to that of the rare-earth elements, 
is present in considerable amounts. 

In a recent paper, Bowie and Atkin* have described 
skeletal material of Devonian fish with large amounts 
of associated uranium and especially thorium. In 
the case described, the uranium is mainly localized 
in the apatite structure, whereas the thorium is 
concentrated in the hydrocarbons which occur in the 
cavities of the bone structure. It is difficult at the 
present time to evaluate this finding in relation to 
the present observations on Cenozoic fish debris. 

With long exposure on surfaces of especially low 
rate of accumulation, the biogenous apatite appears 
to dissolve at great ocean depth. The heavy-metal ions 
thus released seem to be resorbed in the secondary 
layer of the manganites, which are stable and offer a 
large active surface area. As a result, large amounts 
of thorium and rare-earth elements may be added to 
any already taken up in manganese nodules. In 
pelagic clays and oozes, where other components in 
addition to manganese micronodules contribute to a 
higher rate of accumulation, the fish debris is largely 
preserved, and the micronodules are lower in rare- 
earth elements. 

Measurements of the crystallite size of marine 
apatites show a relation (that may be direct or 
indirect) of this parameter to the rare-earth content. 
The bathypelagic fish debris has a crystallite size of 
300-400 A. along the Z-axis and has a rare-earth 
content as high as a few per cent. Whale bone frag- 
ments, exposed under similar conditions on the deep 
ocean bottom, but with a crystallite size of 600- 
1200 A., have a rare-earth content of the order of 
0-1 per cent. Marine inorganic apatites, with crystal- 
lite sizes greater than 20,000 A., contain a total of 
rare earths of only 0-05 per cent or less. 

It thus seems that ionium, produced from 
uranium-234 in solution in sea water, together with 
other thorium isotopes, the rare-earth elements and 
a number of other heavy metals, is carried to the 
sediment and sorbed to the surface of the micro- 
crystalline apatite of skeletal debris. If a solid 
carrier is involved, this may not necessarily be the 
apatite itself but some other unidentified solid, such 
as organic matter, which is later dissolved. The 
details of these processes, as well as the redistribution 
of radium formed by the decay of ionium, are being 
further investigated, and a more extensive account 
of the results will be given on completion of the 
first phase of the work. 

Support for this investigation was received from 
the Geological Society of America and the Office of 


Naval Research. 
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Electron Micrographs of Cross-Sections 

of Protein Monolayers 

ELECTRON micrographs of cross-sections of protein 
monolayers have been obtained in the following 
way. A monolayer of protein, a commercial sample 
of egg albumen, was spread at the surface of water 
contained in a small Langmuir type trough. This 
layer was then compressed and crumpled by ad- 
vancing @ barrier coated with paraffin wax towards 
a second retaining barrier. When the two barriers 
were about a centimetre apart, the crumpled film 
became visible at the interface and was lifted from 
the water as a frail thread by means of a wire yoke. 
Portions of this thread were prepared for cross- 
sectioning by dehydrating in an alcohol series and 
embedding in an epoxide resin’. It was found 
advantageous to ‘stain’ the specimen first by treating 
it for a short time in a buffered osmium tetroxide 
solution. The thread, darkened and hardened by 
this treatment, was easier to handle and to see by 
eye in the block and also in the electron microscope. 
Very thin sections were cut from the block at right 
angles to the length of the thread by the standard 
procedure for electron microscopy* and examined 
in a Siemens ‘Elmiskop I’ microscope. 

The cross-section of the crumpled sheet of protein 
appeared as a thin, dense, highly convoluted line 
(Fig. 1). Since the thickness of the best sections 
(about 200 A.) was still some ten times that of the 
monolayers (10-20 A.), it was not expected that the 
films viewed end on would everywhere reveal their 
true thickness. ‘The thinnest portions observed in 
osmium-fixed material were in fact about 50A. 
thick, and some of these appeared double, suggesting 
either that the osmium was deposited on each side 


Fig. 1. Electron micrograph of a cross-section of a crumpled 
monolayer of egg albumen stained with osmium tetroxide 
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of the protein film or that more than a simple mono- 
layer was present. Occasionally a contaminating 
layer was seen adsorbed on one side of the film and 
pinched-off tubules usually enclosed amorphous 
material which may have been excess protein. 

This work is part of an attempt to prepare artificial 
models of cell membranes. Multiple layers and tanned 
layers are also being examined. It is remarkable 
how closely some of the chance structures in these 
crumpled films resemble sections seen in electron 
micrographs of such organelles as the mitochondrion 
and the Golgi complex. 

The work has been supported by grants to the 
Chester Beatty Research Institute (Institute of 
Cancer Research: Royal Cancer Hospital) from the 
British Empire Cancer Campaign, the Jane Coffin 
Childs Memorial Fund for Medical Research, the 
Anna Fuller Fund, and the National Cancer Institute 
of the National Institutes of Health, U.S. Public 
Health Service. I am indebted to Dr. R. J. Goldacre 
for many suggestions. 

E. H. MERcER 
Chester Beatty Research Institute 
(Institute of Cancer Research : 
Royal Cancer Hospital), 
London, 8.W.3. 
May 13. 


1 Glauert, A. M., Rogers, G. E., and Glauert, R. H., Nature, , 803 
aaah. ure, 178, 80 


* See accounts given in Proceedings of the [International Conference on 
Electron Microscopy, London 1954 (1956). 


lon Cyclotron Resonance 


A CHARGED particle of mass m and charge e 
crossing a uniform magnetic field of strength H will 
describe a circular path with angular frequency 
« = eH/mc, independently of the particle’s energy 
(c is thé velocity of light). If such a particle is sub- 
jected to an alternating electric field, at the cyclotron 
frequency, perpendicular to the magnetic field, then 
absorption of energy from the electric field may be 
expected. A measurement of the frequency at which 
absorption takes place should therefore enable the 
mass of the resonating particle to be determined, 
given ¢, H and c, while the amount of absorption 
should provide information on the number of reson- 
ating particles present. 

This technique has previously been successfully 
applied at frequencies corresponding to the electron 
cyclotron resonance, but so far has not been reported 
at frequencies corresponding to positive-ion cyclotron 
resonances in an ionized gas or plasma. 

Recently, in this Laboratory, an experiment was 
performed with the object of detecting the cyclotron 
resonance for the positive ions in a discharge in 
hydrogen. A discharge was established in a tube 
containing hydrogen at low pressure, and a radial 
electric field at a frequency of about 750 kc./sec. 
was applied to the plasma. The tube was immersed 
in a longitudinal uniform magnetic field of approx- 
imately 500 gauss, superimposed on which was a 
sinusoidal magnetic field of amplitude of the order 
of 10 gauss at a frequency of 50 cycles/sec. 

The resonance was detected by displaying the 
rectified signal, obtained from electrodes external to 
the tube, on a cathode-ray tube which was scanned 
at a frequency of 50 cycles/sec. On this cathode-ray 
tube a ‘pip’ was observed which behaved, with 
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variation of frequency and of the modulation of the 
magnetic field, in the manner to be expected from 
a resonance. It is thought, therefore, that the absorp- 
tion corresponded to the cyclotron resonance of the 
hydrogen atomic ions in the discharge. An attempt 
to detect the absorption corresponding to the cyclo- 
tron resonance of hydrogen molecular ions in the 
discharge was defeated by noise from the discharge. 

Work to measure the characteristics of the reson- 
ance for various gases is in progress. 

R. F. Sax 
Nuclear Engineering Laboratory, 
Queen Mary College 
(University of London), 
Mile End Road, 
London, E.1. 
May 14. 


Excited Levels in Arsenic-75 produced by 
Radiative Capture of Protons by 
Germanium-74 


DiscrETE energy-levels have pveen observed in 
arsenic-75 at excitation energies between about 8-0 
and 10-0 MeV. The experimental procedure was as 
follows. Targets of separated germanium-74 of thick- 
ness 100 ugm./cm.* and 10 ugm./cm.* deposited on 
tungsten backings (prepared at the Atomic Energy 
Research Establishment, Harwell) were irradiated by 
the proton beam from a pressurized electrostatic 
generator', and the y-rays emitted were detected by 
means of a thallium-activated sodium iodide crystal 
36 mm. diameter by 25 mm. long coupled optically to 
a photomultiplier of type 6262A. The output from the 
photomultiplier was fed into a scaler via a cathode 
follower and linear amplifier of type 1008. 

The energy of the incident proton beam was 
measured to an absolute accuracy of better than one 
part in a thousand, using an electro- 
static analyser*. Care was taken to 
avoid the deposition of carbon on 
the target surfaces by placing a 
liquid-nitrogen trap immediately in 
front of the target, and ensuring 
that the target temperature did not 
fall below 200° C. during the irradia- 
tion®. 

The background due to the tung- 
sten backing was estimated by 
irradiating a tungsten foil, and an 
approximate value for the cross- 
section of the **Ge(py)**As reaction 
was obtained by comparing the 
yield with that from the 1-348 MeV. 
resonance in the F(py)*O re- 
action, using the same detection 
geometry and a calcium fluoride 
target of known thickness. 

A total of twenty-five y-emitting 
resonances was observed for protons 
in the energy-range 1-0-2-7 MeV. 
These are listed with half-width 
measurements in Table 1, and the 
yield curve is shown in Fig. 1. These 
measurements were all obtained on 
the 10 ugm./cm.* target, the thick- 
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which are accurate on the absolute energy scale to 
+ 2 keV. or better. The correction for the contribu- 
tion due to target thickness‘ introduced large uncer- 
tainties in the estimation of the natural half-widths of 
some of the narrower resonances, and where this 
occurred, the measured half-widths have been given as 
an upper limit. Some uncertainty also occurs in the 
estimation of the half-widths of incompletely resolved 
resonances, and the values given may be in error 
by as much as + 20 per cent. 

From isotopic mass measurements given by 
Wapstra‘, the Q value for the “Ge(py)?*As reaction 
is calculated to be 6-83 + 0-15 MeV. The competing 
reaction **Ge(pxy)7!Ga is calculated to have a Q value 
of 1-38 + 0-2 MeV., and this may also be accom- 
panied by y-emission. The ™Ge(pn)As reaction is 
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ness of which, in energy units, was 
equal to between 1 and 2 keV. Cor- 
rections for target thickness have 
been made to the resonance values, 
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Fig. 1. Gamma-ray yield from 10 min germanium-74 target irradiated by 
protons 
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calculated to have a threshold of about 3-8 MeV. 
No search has yet been made for a-particle emission, 
but a preliminary search for neutron emission, using a 
boron trifluoride counter with paraffin wax moderator, 
has failed to detect the presence of neutrons, and 
no activity of long life corresponding to the formation 
of arsenic-74 has yet been observed on the irradiated 
targets. 
D. R. Cuick 
S. E. Hunt 
Research Laboratory, 
Associated Electrical Industries, Ltd., 
Aldermaston, Berkshire. 
March 21. 
‘ii Boat R., and Petrie, D. P. R., J. Inst. Elect. Eng., B, 108, 8, 


* Hunt, S. E., ais P. R., Firth, 
Elect. Eng., B, "08, 146 (1955 ). 


‘Hunt, 8. E. Proc. Phys. Soc., 65, 982 (1952). 
‘Tangen, R. K., Norske Vidensk Selsk., Skr. No. 1 (1946). 
* Wapstra, A. H., Physica, 21, 5, 385 (1955). 
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X-Ray Radiation Hazard using Vacuum 
Deposition Plant 


Ir has been shown in a recent report by Strachan 
and Harris! that a sputtering plant operated at 
voltages as low as 8-10 kV. can give rise to X-radia- 
tion which can be dangerous to the operator. ‘This 
observation was made with an apparatus different 
from the two-electrode system used for the deposition 
of thin films. Their apparatus consisted of a glass 


vessel in which positive ions formed in a discharge 
between an oxide-coated cathode and iron anode were 
accelerated to a target used for sputtering. It was 


shown that the X-rays arose from secondary electrons 
emitted from the target bombarding the walls of the 
glass envelope. It was possible to operate the main 
sputtering chamber at a lower gas pressure than 
normal because the ions were formed in an auxiliary 
discharge. Thus, the secondary electrons were able 
to reach voltages comparable to that of the ion- 
accelerating potential because of their long mean free- 
path. In a glow discharge the secondary electrons 
are required for ionizing the gas molecules and their 
final voltage is not that of the applied potential. 
Thus it is uncertain whether the results of Strachan 
and Harris would be directly applicable to a normal 
two-electrode system with a cold cathode operated 
at 8-10 kV. 

Since the above report was published, I have 
received several queries as to whether X-radiation is 
emitted from normal vacuum deposition plant, and 
after discussion with workers at the Research Lab- 
oratories, General Electric Co., Ltd., it was decided 
to make radiation tests to ensure that such apparatus 
was safe. Radiation tests were made with Ilford PMI 
film in standard monitor holders using different types 
of deposition apparatus as described below. 

It should be noted that the voltages given below for 
both the a.c. and d.c. high-tension supplies are root- 
mean-square values and the peak voltage encountered 
will be about 1-4 times the quoted values. 

Initial tests were made with a cathodic sputtering 
apparatus and an electron-bombarded vapour source 
operating at voltages up to 4 kV. inside metal vessels 
with observation ports of plate-glass 9 mm. thick. In 
neither case did the monitor film show X-ray ex- 
posure after ten hours operation. 

Work was then extended to apparatus operating 
at higher voltages inside glass vessels, such as that 
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used for ionic-bombardment cleaning of glass before 
evaporation of thin films. At one time it was custom- 
ary to use for this purpose high-reactance transformers 
giving some 10 kV., and as the discharge approached 
the ‘blackout’ condition the applied voltage rose to 
nearly the open-circuit value. In the vacuum appar- 
atus at present designed by this Company, the 
maximum voltage used is 5-5 kV. and this is within 
the safe limit found by Strachan and Harris. How- 
ever, it was of interest to know whether early vacuum 
plants were free from hazard. 

A high-tension transformer giving 10 kV. open- 
circuit voltage was connected to two vertical electrodes 
insulated from earth and made from aluminium strip 
inside a ‘Pyrex’ bell-jar 18 in. diameter by 24 in. high. 
The wall thickness of the vessel was about 8 mm. 
Two test films were placed on the side of the vessel 
and one at a distance of 6 in. from the vertical side. 
The glow discharge was operated at 7 kV. and 
8 m.amp. for 114 hr. without X-ray exposure being 
observed. Two 10-kV. transformers were then con- 
nected with their output terminals in series and the 
apparatus again run for 8 hr. at 18-20 kV. and 
20 m.amp. Again no X-ray hazard was observed. 

Mr. Ball (G.E.C.), who kindly examined the monitor- 
ing film used in these tests, considers that if X-radia- 
tion was being generated then the energy was 
insufficient to penetrate the chamber walls. He states 
that a voltage of about 16 kV. is necessary for X-rays 
to penetrate 8-mm. thick ‘Pyrex’ glass in measurable 
quantities. This voltage would, of course, refer to 
electrons which struck the target, etc., with an energy 
equal to the applied potential, as must have occurred 
in the apparatus of Strachan and Harris, or could 
occur in thermionic devices operated at low gas 
pressures (for example, an electron-bombarded vapour 
source). 

Acknowledgments are made to the Research 
Laboratories, General Electric Co., Ltd., for the help 
given in the tests and to Mr. A. 8. D. Barrett, technical 
director of Edwards High Vacuum, Ltd., for per- 
mission to publish this communication. 


L. Hotianp 


Research Laboratory, 
Edwards High Vacuum, Ltd., 
Crawley, Sussex. 

May 10. 


1 Strachan, J. F., and Harris, N. L., Nature, 178, 588 (1956). 


Thallium-activated Sodium Chloride 
Recrystallization Phosphors 


INVESTIGATIONS have been carried out with sodium 
chloride disks prepared in a pressure-range of 1,000— 
20,000 kgm./em.*. A few drops of an aqueous solution 
of thallium chloride were mixed with the sodium 
chloride powder before pressing. After ultra-violet 
excitation, the disks showed a good phosphorescence 
with a decay time of several minutes. The meagure- 
ments were carried out with an RCA multiplier-tube 
type 931A and galvanometer. 

Earlier optical and conductivity measurements 
showed that recovery takes place after the disks had 
been prepared. This recovery process can also be 
observed with the luminescent disks: the total light 
radiated gradually decreases with time. 

After heat treatment of the luminescent disks, the 
total light radiated decreases with increasing tem- 





NATURE 


























logt 
80 





Fig. 1 


perature (up to 300° C.) and then (300-600° C.) again 
increases. 

In the case of thallium-activated sodium chloride 
disks, decay did not follow the well-known ex- 
ponential law of thallium-activated sodium chloride 
single crystal phosphors. The shape of the brightness 
versus time curve is satisfactorily accounted for by 
@ hyperbolic expression. Experiments were carried 
out with thallium-activated sodium chloride single- 
crystal phosphors grown frorn the melt. These 
crystals showed an exponential decay law ; however, 
after the crystals had been deformed by stressing, 
the exponential law changed to a hyperbolic one 
(Fig. 1). When the decay of the phosphorescence is 
represented in a (log-log) diagram, as in Fig. 1, the 
exponential decay law is represented by curve l, 
while the shape of the diagram becomes a straight 
line after the stress had been applied (curves 2 and 3). 
Hence it seems that dislocations may seriously affect 
the decay of phosphorescence. 

A detailed account of this work will be published 
elsewhere. I wish to thank Prof. Z. Gyulai, who 
directed the investigation. 

Z. Morin 
Institute of Experimental Physics, 
Budapest University of Technology. 


Reaction of Nitrates with Liquid 
Sulphur Dioxide 

It has been known for some time that inorganic 
nitrates catalyse the formation of polysulphones from 
liquid mixtures of olefines and sulphur dioxide’, but 
the mechanism of catalysis has never been clarified. 
It is now suggested that the effective catalyst is 
nitrogen dioxide and/or the sulphite radical ion 
formed as the primary products of the reaction 
between nitrates and sulphur dioxide. The following 
observations are consistent with this suggestion : 

(1) If sufficient silver nitrate is allowed to react 
with liquid sulphur dioxide, a brown gas appears but 
may, in time, disappear again. The brown gas is 
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presumably nitrogen dioxide formed by processes 
such as NO,- + SO, + NO, + SO,+, NO,- + SO,> => 
NO, + SO,?-, and removed by further reactions with 
sulphur dioxide. In the presence of excess sulphur 
dioxide, the final products are likely to be nitrosyl 
pyrosulphate and nitric oxide*, the overall reaction 
being : 

6 MNO, + 7S0, = 3 M,SO, + 2 (NO),S,0, + 2NO 


It is worth noting that rapid oxygen atom transfer 
reactions such as ClO,- + SO;*- > ClO- + SO,?- have 
been recognized’. 

(2) The observation of Dainton and Ivin‘ that the 
volatile products of the silver nitrate — sulphur 
dioxide reaction did not catalyse polysulphone 
formation is now consistent with this picture. Pre- 
viously they had supposed that nitrogen dioxide 
was the end product. 

(3) The only three completely soluble nitrates 
investigated by Snow and Frey! as catalysts for 
polysulphone formation were those of lithium, silver 
and ammonium, the efficiency increasing in that 
order. In liquid sulphur dioxide (dielectric constant 
15-6 at 0° C.) the Bjerrum critical distance’ for ion- 
pair formation is calculated to be 19-6A. at 0°C.- 
and it is to be expected that even with nitrate con, 
centrations of 10-*M there will be a considerable 
degree of association of the ions. Hence the rate- 
determining step for the initiation of polysulphone 
formation should probably be written as: 

M+NO,- + SO, i M+ + NO, + SO,7 
The cation would be expected to affect the ease of 
release of the oxygen ion, and it is interesting to 
note that the catalytic efficiency increases with 
increasing size of the (crystallographic) cationic 
radius. 

(4) Nitrogen dioxide is known to attack olefines’®. 
The sulphite radical ion may equally well be the 
effective catalyst, since it has been shown to initiate 
the polymerization of styrene’. 

Attempts were made to follow the variation of the 
nitrogen dioxide concentration with time spectro- 
photometrically in mixtures of sulphur dioxide with 
ammonium or silver nitrate. These experiments were 
not successful, because of the very low solubility of 
the nitrates. 

I thank Prof. F. 8S. Dainton for his interest in this 
work. 

K. J. Ivin 
Department of Physical Chemistry, 
University of Leeds. 

March 26. , 
1 Snow, R. D., and Frey, F. E., Indust. Eng. Chem., 30, 176 (1938). 
*Manchot, W., and Schmid, H., Ber., 6B, 1261 (1929). 
* Halperin, J., and Taube, H., J. Amer. Chem. Soc., 74, 375 (1952). 
* Dainton, F. 8., and Ivin, K. J., Proc. Roy. Soc., A, 212, 96 (1952). 
* Robinson, R. A., and Stokes, R. H., “Electrolyte Solutions”, 381 

(Butterworths, 1955). 

* Gray, P., and Yoffe, A. D., Quart. Rev., 9, 371 (1955). 
? Sully, B. D., J. Chem. Soc., 1498 (1950). 


Interference in Soil Phosphorus Analyses 
by Snail Shells 


In some calcareous grassland soils in County 
Galway, certain fertility problems have been en- 
countered with particular regard to soil phosphorus. 
While ‘high’ or ‘very high’ values for readily soluble 
phosphorus were sometimes obtained by routine 
analytical procedures*, grazing and botanical observa- 
tions indicated extreme phosphorus deficiency. Such 
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Table 1. VARIATIONS IN ‘READILY SOLUBLE’ PHOSPHORUS (USING 
MORGAN’S SOLUTION) IN So CORES CONTAMINATED WITH SNAIL 
SHELLS 





Separate phosphorus extractions with Morgan’s 
solution 
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observations were verified by herbage analyses, where 
figures of the order of 0-10—0-11 per cent of the dry 
matter were obtained. 

While investigating the above anomaly, it was 
observed that considerable quantities of small snail 
shells in varying stages of decomposition had become 
admixed with the soil in the problem areas. The 
predominant species have been identified as (1) Heli- 
cella itala (Linn.)—a circular shell of approximately 
| in. diameter, and (2) Helicella aspeia—a turret or 
spiral-shaped shell } in. in diameter at the open end. 
The former, as is consistent with their life-history, 
were found at or just underneath the soil surface, 
while the latter were almost invariably found to have 
penetrated more deeply. While there was little 
evidence of either species during winter or spring, 
there was a striking appearance dur- 
ing the July-August period, when as 
many as ten per square yard was 
quite a common feature in certain 
areas, particularly in the vicinity. of 
the outcropping limestone rocks. 

Chemical analyses! showed levels 
as high as 3,200 p.p.m. total phos- 
phorus in surface shells, while sub- 
surface shells contained 900—1,000 
p.p.m. total phosphorus. This indi- 
cated a likely source of phosphorus 
contamination during soil sampling. 
To ascertain the resultant effect on routine chemical 
analyses, four cores of soil, each 3 in. in diameter 
and 5 in. in depth, were extracted from a typical 
area in close proximity to one another. Each core 
was subdivided into ‘surface’ (0-2 in.) and ‘subsurface’ 
(2-5 in.) samples. Four subsamples of each were 
extracted with Morgan’s solution using a 5:1 
extractant/soil ratio. The results are shown in 
Table 1 and are contrasted with samples of sur- 
face shells which were ground up and treated as 
soils. 

Table 1 shows considerable variation in the quantity 
of phosphorus released, not only from the different 
cores removed from contiguous positions in the field, 
but also an important difference even in the sub- 
divided cores themselves. It is likely that this in- 
consistency is due to the contamination of readily 
extractable phosphorus which the shells contain. It 
should be pointed out that ‘surface shells’ (Table 1) 
refers to both the snail and the shell. _An analysis 
of the shells alone showed a phosphorus level of 
168 p.p.m. with Morgan’s solution, which may be 
considered as entirely calcium-bound phosphorus. 

_ Thus considerable soil sampling problems are posed 
m areas where snail infestations occur to the extent 
reported here. I wish to acknowledge the helpful 
assistance of the Department of Zoology, University 
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College, Dublin, for information on the identification 
and life-history of the Helicella spp. 
P. M. McDonngELL 
Department of Agriculture, 
Johnstown Castle, 
Wexford, Ireland. 
March 23. 


Muir, J. W., The Analyst, '77, 313 (1952). Walsh, T., Ryan, P. F., 
ons - ieenme J. J., Trans. Int. Soc. Soil Science (Dublin), 2 
2). 


Reaction of Bromine with Uracils 


Some interesting observations on the reaction of 
bromine with pyrimidine compounds were recently 
reported by Cohn!. Since 1907, when Wheeler and 
Johnson? first observed the coloured reaction product 
obtained by the action of bromine with uracil or 
cytosine and isolated the intermediate, the bromine 
reaction has been utilized for structural determina- 
tions, analyses and the preparation of derivatives’. 
In 1940, Johnson concluded that ‘‘5,5-dibromo-4(6)- 
hydroxyhydrouracil decomposed spontaneously and 
quantitatively to 5-bromouracil and HOBr’’*. I have 
been unable to confirm this observation. Due to the 
renewed interest ir pyrimidine chemistry and the 
discrepancies concerning the bromine reaction which 
have appeared in the literature, I wish to propose 
a mechanism for this reaction based on the experi- 
ments described below. 


O ) ) 
Br || Br Br 
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> ——> j ——> 
y HOH 
on ay ZY, er \ 
N OW O N O N 


O 
R R 
(ID) (111) 
(A) R = H; (B) R = CH, 


The addition of one mole equivalent of bromine 
water to uracil or 1,3-dimethyluracil resulted in the 
formation of 5-bromo-6-hydroxyhydro-derivatives 
(ILA or IIB) in the solution, which lost its ultra- 
violet spectrum’. However, on standing or heating, 
5-bromouracil (IILA, found: Br, 41-51; N, 14-81 per 
cent ; A(H,O max.) 276 my, ¢ 7-2 x 10%; 1250/A260, 
0:55; 2280/2260, 1-47) or 5-bromo-1,3-dimethyl- 
uracil (IIIB)® was formed. The dehydration pro- 
ceeded spontaneously and quantitatively and thus 
provided an excellent method for the preparation 
of III. When a second mole equivalent of bromine 
was added to IIIA or IIIB, 5,5-dibromo-6-hydroxy- 
hydrouracil (IVA, found: Br, 54-05 per cent, 
crystallized from water, C,H,N,Br,0;. $H,0; 
melting point, 210°; found: Br, 55:12 per cent, 
crystallized from acetone—petroleum ether; melting 
point, 210°) or 5,5-dibromo-6-hydroxy-1,3-dimethyl- 
hydrouracil (IVB, found: Br, 49-15 per cent, 
crystallized from water; C,H,O,N,Br,. 4$H,0; 
melting point, 136-37°; found: Br, 50-5 per cent, 
crystallized from acetone-petroleum ether, melting 
point 139-40°) was formed. 

IVA and IVB in aqueous solution (2 x 10-* M) 
were refluxed for eight hours or more and gave at 
275 my, ¢ 3-9 x 10? and 280 my, e 3-4 x 10 
respectively, thus indicating about 50 per cent con- 
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version to ILLA and IILB. These were confirmed by 
the isolation and identification of ILLA (A250/A260, 
0-54; 2280/A260, 1-45; and IIIB (mixed melting 
point, 184-85°, 1250/2260, 0-48; A280/A260, 0-25). 
This suggested that hydrogen bromide, resulting 
from the hydrolysis of [VA and IVB, catalysed the 
formation of IILA and II1B. When IVA and IVB 
were refluxed for 24 hr. or more at a concentration 
of 1 x 10-* M, no increase in ultra-violet absorption 
at any time was observed. However, when the 
reaction was carried out in 2.N hydrochloric acid 
or 2.N hydrobromic acid, the absorption at 280 mu. 
gradually increased to more than 80 per cent of that 
for I11A and ITIB at the end of 8 hr. These observa- 
tions indicate that III is formed from IV only when 
HX is present, and 1 cannot wholly agree with 
the following statement made by P. A. Levene®: 
“The original product which forms immediately on 
addition of (excess) bromine (to uracil) is undoubtedly 
5,5-dibromo-4(6)-hydroxhydrouracil. This compound 
is then transferred into 5-bromouracil’’. 

Since most workers have been under the impression 
that LV is highly unstable (which belief now appears 
untenable), they used the method of Levene* for the 
preparation. This method requires the addition of 
bromine until the colour of the solution remaiius 
permanently yellow. However, I observed that if 
the reaction is carried out at or below room tempera- 
ture, the yellow colour appears after one mole 
equivalent of bromine has been added. ‘Thus the 
isolation of LV is not possible under these conditions. 
1 found that the uracil derivatives and the 3-sub- 
stituted uracils, for example, 1,3-dimethyluracil, 
show the same chemical behaviour throughout. 

L suggest that LV is formed from ILI, and III in 
turn is formed from II. ‘The reaction catalysed by 
HX for the formation of LL from LV is illustrated as ; 
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‘Lhe detailed results of the work and the lability 
of LV in weak base together with the formation of 
5-hydroxyuracils from their corresponding 5-bromo- 
uracils will be reported elsewhere, ‘The work was 
done under the terms of Contract A7'(30-1)-911 of 
the Physiology Department, Tufts University School 
of Medicine, with the Atomic Energy Commission. 
1 thank Margarita Apicella and Ruth Weintraub for 
their technical assistance. 
Suin Yr WANG 
Department of Physiology, 
Tufts University School of Medicine, 
136 Harrison Avenue, 
Boston 11, Mass. 
Feb. 12. 

* Cohn, W. E., Biochem. J., 64, 28P (1956). 

® Wheeler, H. L., and Johnson, T. B., J. Biol. Chem., 3, 183 (1907). 

* Levene, P. A., “Nucleic Acids”, Amer. Chem. Soc. Monograph No. 

56, p, 54 (Chemical Catalog Co., Inc., New York, 1931). 

* Johnson, T. B., J. Amer. Chem. Soc., 62, 2269 (1940). 


* Wang et ai., J. Amer. Chem. Soc., 78, 4180 (1956) for proof of 
structures. 


* Levene, P. A., J. Biol. Chem., 68, 683 (1925). 


July 13, 1957 VoL. 180 


A Modified Nagler Medium 


HAYWARD! suggested in 1941 that the Nagler 
reaction might be used for the rapid identification of 
Clostridium welchii. She expanded this work later? 
and directed attention to the difficulty of distinguish- 
ing between Cl. welchii and Clostridium bifermentans 
on serum agar plates. Both these organisms produced 
opalescence in the medium, and it was inhibited by 
Cl. welchii antitoxin. She suggested that distinction 
between these organisms may be made by making 
use of the hydrolysis of phenolphthalein phosphate as 
described by Bray and King’*. 

Since Cl. welchii is a lactose-fermenting anaerobe 
and Cl. bifermentans is a non-lactose fermenter, 
the incorporation of lactose and neutral red into 
the Nagler medium should provide a means of 
distinguishing between them on a single plate 
culture. 

A modified Nagler medium using egg-yolk instead 
of serum was therefore prepared in a meat infusion 
agar base‘, to which was added 1 per cent lactose 
and 0-03 per cent neutral red. Plates of this medium 
were spread on one half with Cl. welchii type A anti- 
toxin, inoculated and incubated anaerobically. 


Fig. 1. Diagram of plate cultures of Cl. welchii (upper half) 
and Cl. bifermentans (lower half) on the half-antitoxin egg- 
yolk lactose medium. Antitoxin on right half of plate. 

(a) Streak culture of organism; (6) zone of opalescence ; 
(c) limits of red halo 


Preliminary trials with a number of strains of 
Cl. welchii types A to E and Cl. bifermentans have 
shown that distinction between these organisms on 
this medium is readily made (Fig. 1). Cl. bife, mentans 
produces opalescence which is inhibited by Cl. welchii 
type A antitoxin. Cl. welchit types A-E, in addition 
to producing opalescence which is inhibited by anti- 
toxin, also produces a distinct pink or red halo 
in the medium surrounding the opalescence zone. 
This red zone is due to acid produced by fermentation 
of the lactose. All strains of Cl. welchiti and Cl. bifer- 
mentans so far tested have consistently produced 
the reactions described, and a diagnosis could be 
made in all cases after anaerobic incubation for 
12-18 hr. Since Cl. welchit is the only lactose- 
fermenting clostridium which produces lecithinase, 
the production by an anaerobe of opalescence in- 
hibited by Cl. welchii type A antitoxin together with 
a red halo is diagnostic of Cl. welchii. The medium 
should therefore be of value in detecting Cl. welchii 
in mixtures with other organisms. 
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Further investigations along these lines are at 
present being made and will form the basis of a 
subsequent communication. 

A. T. Wiis 
G. Hosss 
School of Medicine, 
University of Leeds, 
Leeds 2. 
March 25. 
1 Hayward, Nancy J., Brit. Med. J., i, 811, 916 (1941). 
Hayward, Nancy J., J. Path. Bact., 55, 285 (1943). 
* Bray, J., and King, E. J., J. Path. Bact., 64, 287 (1942). 


* Reed, G. B., Dubos’s “Bacterial and Mycotic Infections of Man”, 
Ist ed., 357 (Lippincott, Philadelphia, 1948). 


Proteolysis of Collagen 


Tt was shown by Linderstrom-Lang and co-workers! 
that the tryptic hydrolysis of $-lactoglobulin involves 
the reversible denaturation of the protein as a prelim- 
inary stage. A consideration of known facts, together 
with new evidence obtained in connexion with an 
investigation of the mechanism of bating of skins in 
leather manufacture’, indicates that collagen and pro- 
collagen are also denatured by the enzyme prior to 
hydrolysis. Bating is a process in which skins, after 
liming and deliming, are treated with a proteolytic 
enzyme (usually trypsin) in order to produce a soft 
leather. ‘The process has been shown to involve the 
removal of degraded collagen (a form: of collagen 
in which the fibrillar structure has disintegrated and 
which has been named ‘progelatin’*) produced by the 
swelling action of lime, and is normally carried out 
at about 37°C. Temperature control is critical since 
little or no action takes place below 35° C., and above 
40° C. rapid digestion of intact collagen occurs, lead- 
ing to a loss of leather-making substance. The lower 
limit is explained by the fact that progelatin must 
be converted into gelatin before it can be hydrolysed 
by the enzyme. If, however, the skin is heated to 
4()-45° C. before adding the enzyme, bating can be 
carried out at a much lower temperature, for ex- 
ample, at 27° C. in about twice the time required at 
37° C., which is in accord with the temperature 
coefficient of proteolytic enzymes acting on gelatin’. 
The higher temperature required to heat the pro- 
gelatin in the absence of enzyme than in its presence 
is indicative of a denaturation stage which can be 
catalysed by the enzyme. As denaturation is believed 
to involve rupture of hydrogen bonds between parallel 
molecular chains, the enzyme functions as a hydrogen 
bond breaker in a similar manner to chemicals such 
as alkali, urea, potassium thiocyanate, etc. 

Hydrogen bond breaking by chemicals can be 
followed by the decrease in hydrothermal shrinkage 
temperature (7's), but fails with proteolytic enzymes 
since denaturation is immediately followed by hydro- 
lysis, so that shrinkage does not occur. It is impossible 
to wash out completely or inactivate the enzyme 
adsorbed on the collagen, which is remarkably stable 
so that even plunging the enzyme-treated collagen 
into boiling water results in appreciable hydrolysis 
before the enzyme is inactivated‘. Any chemical 
treatment that lowers the 7’; of collagen results in an 
increased rate of attack by trypsin at 37-40°C. 
because the activation energy for enzyme denatura- 
tion is reduced. Various native fish collagens are 
attacked by trypsin at temperatures related to their 
hydrothermal shrinkage temperatures®. Fish colla- 
Zens are believed to differ from mammalian collagen 
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principally in the degree of hydrogen bonding® and 
so behave similarly to chemically treated mammalian 


collagen. 
G. H. GREEN 


British Leather Manufacturers’ Research Association, 
Milton Park, 
Egham, Surrey. 
March 22. 

1 Linderstrom-Lang, K., Hotchkiss, R. D., and Johansen, G., Nature, 
142, 996 (1938). Christensen, L. K., ibid., 168, 1003 (1949). 
Linderstrgm-Lang, K., Cold Spring Harbor Symp. Quant. Biol., 14; 
117 (1950). 

® Green, G. H., J. Soc. Leath. Trades Chem. (in the press). 

’ Green, G. H., J. Soc. Leath. Trades Chem., 40, 369 (1956). 

* Neuman, R. E., and Tytell, A. A., Proc. Soc. Exp. Biol. N.Y., 78, 
409 (1950). Deasy, C., J. Amer. Leath. Chem. Assoc., 50, 463 
(1955). Green, G. H. (unpublished work). 

ee T., and Takei, M., Bull. Jap. Soc. Sci. Fish., 20, 421 
(1954). 

® Gustavson, K. H., Nature, 175, 70 (1955); Svensk. Kem. Tidskr., 
67, 116 (1955); J. Amer. Leath. Chem. Assoc., 50, 239 (1955). 


Size and Shape of Cartilage Mucoprotein 


THE chondroitin sulphate — protein complex of 
cartilage was extracted from fresh homogenized 
bovine nasal septa by 30 per cent potassium chloride 
and precipitated with absolute alcohol after dialysis 
against running tap water and addition of potassium 
acetate ; all operations were carried out at 2°C. 
‘Lhe final product was analogous in chemical com- 
position to the mucoprotein of Shatton and Schubert'. 
solutions of the mucoprotein in phosphate buffer 
M/15, pH 7-0, were studied by viscometry, sedi- 
mentation, light scattering and flow birefringence. 

The viscosimetric measurements were carried out 
at a velocity gradient G = 0-246 sec.-! in a Couette 
apparatus; the intrinsic viscosity at 25°C. was 
[yn] = 207 c.a.s. units. The sedimentation coefficient 
at intinite ditution and 2U° C. was 8s, = 6:85 x 10-8 
C.G.S. units ; the considerable spreading of the sedi- 
menting boundary suggested a wide polydispersity 
of the mucoprotein. Determinations of light- 
scattering at A = 5460 A. (the specific refractive index 
increment was dn/dc = 0-:1680 per gm./ml.) gave the 
following results: My = 1-98 x 10%; Igs/Lisg = 
2-18; Rz = 1180 A. (Rz being the Z-average radius 
of gyration); the anisotropy was negligible. 

I have carried out the double extrapolation (to 
zero angle and zero concentration) of the Zimm 
plot obtained in the diagram P-(0) vs. u?R? (yu = 


4 : 
= sin 4 2’ being the wave-length of light in the solu- 


tion, 0 the angle between the incident and scattered 
beams) in order to compare the plot with the curves 
pertaining to spheres, coils and rods, respectively ; 
it is known? that the curves relating to polydisperse 
systems fall below those of monodisperse systems 
(the latter are shown in Fig. 1). 

As is evident from Fig. 1, the sphere model 
seems to be quite improbable ; furthermore, it would 
require a hydrated specific volume (as deduced from 
Rz) of V’ = 4,450 ml./gm., which appears to be much 
too high. A polydisperse system of rods, such as was 
suggested by Mathews and Lozaityte*, though not 
incompatible with the light-scattering results, seems 
also highly improbable. The length of the rods (as 
deduced from Rz) would be about 4000 A.; such a 
system could scarcely fail to exhibit a strong flow 
birefringence, like, for example, tobacco mosaic virus 
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(this latter presents an intrinsic streaming bire- 
a . GO An ; 

fringence [An] = lim g _, 9 Gat = 5 x 10-*); in 
the case of cartilage mucoprotein, on the contrary, 


the flow birefringerice was negligible ([An] < 10-*), 
a result which is in agreement with the negatiye 


results of Webber and Bayley‘ for an analogous’ 


product. 

The hypothesis of a polydisperse system of coils 
seems to be the most satisfactory. My light-scattering 
results also indicate the absence, or at most a very 
small extent, of branching in the mucoprotein ; 
indeed, Benoit® showed that branching increases the 
general upward curvature of curve 2, whereas my 
curve 4 exhibits a strong downward curvature. The 
possibility of a system of non-Gaussian coils, which 
could also explain such curvature’, seems to be ruled 
out by the high value of the ratio L/r (L being the 
length of the filament and r the root-mean-square 
end-to-end distance of the coil). 


On the assumption of such a polydisperse system of 


coils, 1 can, by the method ot Sadron and senvit®, 
calculate the approximate value of My (strictly 
speaking, its upper limit); I have found My = 
480,000; therefore, My/My> 4, a result which 
confirms the polydispersity observed in the sedi- 
mentation. 

In order to check the mutual consistency of my 
experimental results as well as my conclusions, | 
applied the following equation proposed by Flory’ : 


(piss P-3 


; 4 
; eae where @!/3 P-! should be a 
universal constant independent of solvent, tempera- 
ture and nature of polymer. Introducing in the 
abov» equation my values of s9,Mn,[y] and assuming 
v = v-60 ml./gm., I find 1/8 P-! = 2-1 x 10%; the 
good agreement between this value and the theoretical 
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one seems to confirm the consistency of the experi- 
mental results and the validity of the proposed model. 
GIoRGIO BERNARDI 
Centre de Recherches sur les Macromolécules, 
Strasbourg. 
March 22. 
+ Shatton, J., and Schubert, M., J. Biol. Chem., 211, 565 (1954). 
* Benoit, H., J. Pol. Sci., 11, 507 (1953). 
* Mathews, M. B., and Lozaityte, I., Fed. Proc., 15, 1012 (1956). 
* Webber, R. V., and Bayley, 8. T., Can. J. Biochem. Physiol., 34, 
993 (1956). 
® Benoit, H., and Doty, P., J. Phys. Chem., 57, 958 (1953). 
* Sadron, C., Beroit, H., and Daune, M., Int. Symp. Macromol. Chem.., 
Milan-Turin (1954). 
‘Flory, P. J., “Principles of Polymer Chemistry” (Cornell Univ. 
Press, 1953). 


lon Permeability of the Plasmalemma 
of the Plant Cell 


It has recently been suggested by several workers! 
that the plasmalemma of the plant cell does not 
constitute a barrier to the diffusion of ions, and that 
there is a Donnan distribution of ions between the 
cytoplasm of the plant cell and the extracellular 
medium. As a corollary, it has been suggested" 
that the electric resistance and capacity of plant tissue 
are to be attributed wholly to the properties of the 
tonoplast and bulk cytoplasm. However, it has been 
suggested that recent measurements of resistance and 
capacity on Nitella give the properties of the plasma- 
lemma‘; and a.c. measurements on Chlorella*, which 
has no significant vacuole, appear to require a similar 
explanation. Results which I have obtained with 
cells of Nitella indicate that the plasmalemma of the 
Nitelia cell acts as a barrier to the inward diffusion 
‘of calcium ions, and is responsible for the d.c. resist- 
ance of the cell bathed in a solution of potassium, 
sodium or calcium chloride. Thus if the cytoplasm 
contributes to the apparent free space for ionic 
diffusion, it cannot be in the simple way proposed 

for higher plant tissue!. Although 
one cannot argue from single cells 
of an alga to pieces of angiosperm 
tissue, it may be noted that there 
is evidence from WNiétella_ that 
labelled ions do cross the plasma- 
lemma much more rapidly than 
the tonoplast*; this situation is 
comparable with that in angio- 
sperm tissue!. 

Microelectrode experiments on 
Nitella® showed that the electric 
potential difference between cell 
sap and extracellular medium is 
located at the plasmalemma, the 
value being —160 mV. (interior 
negative) with the cells bathed in 
0-1 mM potassium chloride solu- 
tion. The location of the p.d. 
and its value were qualitatively 
in agreement either with the 
hypothesis of a Donnan distribu- 
tion across a freely permeable 
plasmalemma, or with hypotheses 
involving a semi-permeable mem- 

wa brane. Further experiments by 
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@ the same method (Walker, N. A., 
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Fig. 1. Curves 1, 2 and 3 relate to monodisperse systems of spheres, coils and rods, respect- 
ively. Curve 4 is the Zimm plot extrapolation for ¢ = 0, with its tangent at the origin (5) 


and the asymptote (6) 


sin? 2 and Cooper, J., unpublished work) 


have, however, found a p.d. of 


—160 mV. across the plasma- 
lemma of similar cells bathed in 
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their native pond water. Flame photometer analysis 
of this pond water gave the following (rounded-off) 
results: ° 

[K+], = 0-03 mM; [Nat], = 

[Catt], = 0-5mM 
It will be sufficiently accurate if these concentrations 
are taken as equal to the activities. If now there 
is a Donnan distribution (or, more generally, if there 
is electrochemical equilibrium) across the plasma- 
lemma for these ions, one can calculate their activ- 
ities in bulk cytoplasm from the equation : 
ej = oj exp (— ZjH/58) 
where @ and aj are the activities of the jth ion in 
bulk cytoplasm and outside medium respectively, 
Z; is the valence of the jth ion, and £ is the electric 
p.d. between the two phases in millivolts. This 
calculation, for the cells in pond water, gives the 
following results : 
QK+ = 18mM; aeynat = 300 mM ;yW 
Gccat++ = 180,000 mM 

The value for the calcium ion activity is absurd, 
so that this ion cannot be in electrochemical equili- 
brium across the plasmalemma. It is most improbable 
from energy considerations that this is due solely 
to the existence of a ‘calcium pump’, so that a degree 
of impermeability of the plasmalemma to calcium is 
very probably involved. The calculated values for 
potassium and sodium activities are not obviously 
impossible, and no conclusion is drawn from them. 
However, it seems from the time taken by labelled 
potassium and sodium to enter the cytoplasm‘ that 
the plasmalemma is also somewhat impermeable to 
these ions. This has been confirmed by the experi- 
ments reported below. 

Microelectrodes have been inserted into the cell, 
as previously described ®, to measure the direct current 
resistances of the cell membranes in Nitella. A known 
direct current (generally 10-* amp.) was passed across 
the protoplasm from one microelectrode with its tip 
in the vacuole to a salt bridge in contact with the 
bathing solution. A second inserted microelectrode 
enabled changes of p.d. due to the impressed current 
to be measured, either between the cytoplasm and 
the outside medium or between the cell sap and the 
outside medium. Ohm’s law then gave the resistance 
from the measured change in p.d. and the current. 
As the indicating instrument was a galvanometer of 
2-sec. period, transient p.d.’s due to the membrane 
capacity of the living cell® were not observed when 
the current was switched on or off. Reversing the 
direction of the current did not alter the measured 
resistance by more than 10 per cent. The measured 
value was corrected for the resistances of the bathing 
solution, the indifferent electrode and the potentio- 
meter. These were the only resistances common to 
the current and potential circuits, apart from the 
resistance to be measured. 

On seven occasions, in experiments on five cells, 
it was possible to measure the two required resistances 
within a short interval of time. The values in ohms x 
10° are: 

Resistance vacuole to outside (Rvo) 340 320 260 490 860 200 460 

cytoplasm ,, (Reo) 330 310 260 300 710 190 360 
Thus in every case the major part (75-100 per cent) 
of the d.c. resistance of the cell lay between the 
cytoplasm and the outside medium. These experi- 
ments were carried out with the cell in the following 
bathing solutions : 1-0 mM sodium chloride ; 1-0 mM 
potassiurn chloride; 0-05 mM and 0-5 mM calcium 


0-5 mM ; 
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chloride. The general conclusion is thus true ‘of cells 
in these various solutions. (This variation in the 
composition of the bathing solutions, and variation in 
the sizes of the cells and their histories, account for 
much of the variation in the values quoted.) The 
resistance of the layer of cytoplasm 10p thick is 
negligible compared with these values, whether one 
accepts the results of a direct measurement’, or 
makes any plausible guess as to the free-ion con- 
centration in cytoplasm. It therefore seems certain 
that the measured d.c. resistance (Reo) is located at 
the plasmalemma, and so presumably is also the 
major part of the a.c. resistance*. Calculation in- 
dicates that the current distribution is reasonably 
uniform over the cell surface, so that the specific 
resistance of the membrane may be found from the 
product of the measured resistance and the area of 
the cell surface. A representative value so found for 
these experiments is 6,000 ohm sq. cm., which is 
lower than the d.c.* and a.c.? values previously 
reported, presumably due to differences in species 
and history of the cells. 

It seems anomalous that the plasmalemma should 
have a higher electric resistance than the tonoplast, 
if it permits the more rapid salt penetration. Most 
of the ions crossing the plasmalemma in ion uptake 
or exchange must be unable to carry an electric 
current, that is, must be part of a neutral complex. 
This can occur if the membrane contains a lipid 
layer, as has often been suggested. Such a layer 
would contain few free ions to carry an electric cur- 
rent, but might contain sufficient carrier to provide 
high entry and exchange rates for ions. The carrier 
molecules would be required to cross the lipid layer 
always in an uncharged form. As a result, no direct 
relation would exist between the salt permeability 
and the electric resistance of the membrane. This 
model best explains observations on Nitella discussed 
here. 

I thank Dr. J. N. Phillips, Mr. C. G. Greenham 
and Dr. B. I. H. Scott for helpful discussions and 
suggestions. This work will be fully reported else- 
where. 

N. A. WALKER 
Division of Plant Industry, 

Commonwealth Scientific and 

Industrial Research Organization, 
Canberra. March 1. 
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662 (1953). (c) Hope, A. B., and Robertson, R. N., Aust. J. Sci., 
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177, 43 (1956). 
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Efficiency of lon Transport in 
Biological Systems 


THE idea that active ion transport is linked directly 
to an electron-transferring respiratory system was 
first expressed clearly by Stiehler and Flexner! and 
has since been elaborated by other investigators*.*. 
On the basis of this hypothesis, the maximum value of 
the ratio (ion pairs transported/oxygen consumed) = 
4 4,5, since four electrons are transferred in the reduc- 
tion of one molecule of oxygen to water. In support of 





96 


the theory, Robertson and Wilkins* showed experi- 
mentally with slices of carrot tissue that the ratio 
approached but did not exceed 4 as the concentra- 
tion of salt in the medium was increased. 

More recently, however, evidence has been accum- 
ulating that the ratio can exceed 4 in both animal 
and plant systems. Crane and Davies‘ claimed that 
(hydrochloric acid secreted/oxygen involved) in frog 
gastric mucosz can be maintained at values exceeding 
11 for considerable periods of time. Leaf and Ren- 
shaw’ found with isolated frog skin that the number of 
sodium ions transported per oxygen molecule con- 
sumed ranged from 2 to 13, with a mean value of 
6-82. On the assumption that only a part of the 
oxygen taken up by the tissue is involved in ion 
transport, 6-82 represents a minimum value, and the 
actual ratio may be as high as 18. Handley and Over- 
street®, studying the relation between respiration and 
salt absorption in excised barley roots, obtained 
values for (anions - absorbed/oxygen involved) = 
4-3-7-9 in potassium bromide solutions; 2-8—4-6 
in sodium bromide solutions; and 0-3-18-7 in 
calcium bromide solutions. One of us (J. F.S8.) 
obtained (anions absorbed/oxygen involved) > 4 with 
red beet root slices immersed in solutions of sodium 
chloride at low temperatures (3°-5° C.), although at 
25° C. under otherwise similar conditions values of 
2-3 were obtained. 

It appears, therefore, that mechanisms of ion 
transport which depend on a direct linkage to electron 
transfer, such as the Lundegirdh hypothesis and the 
‘redox pump’, must be rejected. An alternative 
hypothesis is that ion secretion and accumulation 
depend on the utilization of energy from phosphoryl- 
ated compounds. On the assumptions that one high- 
energy phosphate bond (~ P) is utilized in the trans- 
port of only one ion pair, and that a net 38 (~ P) 
are produced from the complete oxidation of a mole 
of glucose, the maximum value for (ion pairs absorbed/ 
oxygen involved) == 6:3. The average P/O ratio for 
the complete oxidation of pyruvate by isolated mito- 
chondria’ is 3, which would give a maximum P/O, 
or anions/oxygen ratio of 6. These considerations sug- 
gest that experimental anions/oxygen values close to 4 
are approaching 60 per cent, rather than 100 per cent, 
of the theoretical maximum. If a finite number (> 1) 
of ion pairs are transported per ~ P the maximum 
value of (ion pairs absorbed/oxygen involved) will be 
a simple multiple of approximately 6. With plant 
tissues, the ratio is usually much lower than 6 
(< 1 in wheat roots’), and this probably means that 
only a small fraction of the respiratory energy is 
utilized for accumulation. On the other hand, the 
fact that values of up to 18 have been obtained with 
both animal and plant materials suggests that at 
least three ion pairs may be transported per ~ P 
under optimum conditions. 

There are a variety of ways in which the energy 
stored. in phosphorylated compounds could con- 
ceivably be utilized in ion transport. In general 
terms, phosphorylation may facilitate binding of 
the ion to its carrier, or it may be involved in the 
physical movement or in the subsequent breakdown 
of the ion-carrier complex. Some specific hypothetical 
mechanisms depending in various ways on the utiliza- 
tion of ‘high-energy’ phosphate compounds have been 
suggested!!-#* but at present these lack experimental 

f. 
ao" must be emphasized that the hypothesis linking 
ion transport to phosphorylation is not contradicted 
by any of the evidence assembled in support of the 
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Lundegardh or Conway hypotheses, since reduced 
respiratory intermediates and the cytochrome system 
are essential for the aerobic synthesis of Adenosine 
triphosphate. The observation’ that 2,4-dinitro- 
phenol at certain concentrations stimulates electron 
transport and at the same time depresses salt absorp- 
tion argues strongly against oxidation/reduction 
hypotheses, and favours a phosphorylation mech- 
anism, since it is known that 2,4-dinitrophenol pre- 
vents adenosine triphosphate synthesis. Stimulation 
of respiration by added salts (the ‘anion respiration’ 
of Lundegardh) can. be explained if it is assumed that 
the adenosine diphosphate/adenosine triphosphate 
ratio in the cell controls the rate of oxidation. When 
energy (adenosine triphosphate) is utilized in the 
absorption of salt, it is probable that the increase in 
adenosine diphosphate concentration results in a 
stimulation of oxygen uptake’. 

Finally, a phosphorylation mechanism provides a 
unified hypothesis applicable to ion transport in 
anaerobic as well as aerobic systems, since phos- 
phorylated compounds synthesized in fermentation 
may also supply energy for secretory processes. 


J. F. Surcetirre 
Department of Botany, 
King’s College, 
London. 


D. P. Hackett 
Department of Biology, 
University of Buffalo, 
Buffalo, New York. 
May 17. 
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Fungistasis as a Factor in the Rhizosphere 
Phenomcnon 


In the course of work in progress on soil inhibitory 
factors, it has been observed that the spores of certain 
fungi which are unable to germinate when introduced 
into fresh fertile soil on glass slides coated with 
0-5 per cent peptone in 2-0 per cent agar, owing to 
the presence in the soil of a fungistatic factor, may 
germinate readily when seedling roots grow in their 
immediate vicinity, that is, within a distance of some 
2mm. This observation has been made with conidia 
of Gliocladium roseum and Paecilomyces marquandii 
on glass slides buried beneath germinating peas so 
that the seedling roots grew into contact with the 
slides; and also with Fusarium solani and two un- 
identified isolates of Fusarium in similar experiments 
using seedlings of pea, wheat and lettuce. Fusarium 
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Fig. 1. Conidium of Fusarium solani that has produced a 
chlamydospore after being buried in soil. The latter has since 
germinated owing to the growth near it of a pea root 


solant and one of the unidentified Fusaria show 
peculiar behaviour; in the presence of soil their 
conidia germinate normally, but usually produce 
terminal chlamydospores on short germ tubes and 
cease further development. Park’ has reported 
similar formation of chlamydospores by Fusarium 
roseum in response to an inhibitory factor produced 
by Bacillus macerans. In the presence of seedling 
roots the chlamydospores germinate and growth is 
resumed (Fig. 1). According to the abstract of a 
thesis by Burke* on root rot of Phaseolus vulgaris, 
Fusarium solani f. pheseoli may exhibit the same 
type of behaviour in naturally infested root-rot soils. 
It has further been observed with Gliocladium roseum 
and with the Fusaria studied that the germ tubes 
show a strong tropic growth towards the roots, 
although those of Paecilomyces marquandii do not 
appear to show such directed growth. 

While no definite explanation for the germination 
of previously inhibited fungal spores can yet be offered, 
it would seem likely that root excretions are involved. 
Rovira* has demonstrated the liberation of easily 
detectable quantities of sugars, including glucose, by 
the roots of pea and oat seedlings, and the previously 
reported effect of low concentrations of glucose in 
overcoming soil fungistasis* has been confirmed and 
extended to other sugars in the present work. 

The rhizosphere effect is usually believed to be due 
primarily to the direct nutritional influence of sub- 
stances liberated by roots and of sloughed-off root 
tissues. The indirect effect of root exudates in stimu- 
lating the germination of fungal spores which have 
been lying in the soil in a condition of environmental 
dormancy is likely to precede and to be of equal 
importance to any direct nutritional effect. The 
tropic growth of germ tubes towards the roots, added 
to the germination followed by vegetative growth 
and sporulation of spores on, and very close to, the 
roots, would contribute to the relative abundance of 
fungi in the rhizosphere and on the root surface as 
compared with soil away from the roots. 


R. M. Jackson 
Soil Microbiology Department, 
Rothamsted Experimental Station, 
Harpenden, Herts. 
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Ovicidal Action of Organo-phosphorus 
Insecticides 


THE response of insect eggs to organo-phosphorus 
insecticides presents anomalies for the hypo 
that these compounds exert their toxic effect by 
inhibition of the acetylcholinesterase of the nervous 
system. In the first place, the compounds are toxic 
to eggs treated before differentiation of the nervous 
system!. Secondly, eggs treated at an early state 
of development, before cholinesterase activity appears, 
continue to develop normally until just before hatch- 
ing, and then die*. Since the ultimate toxic effect 
of anticholinesterases is thought to result from the 
abnormal concentration of acetylcholine, we have 
examined the acetylcholine content and cholinesterase 
activity during the embryonic development in normal 
and treated eggs of the housefly, Musca domestica. 
Our results show a striking coincidence between the 
appearance and rise in the acetylcholine content of 
Musca eggs and the lethal action of the organo- 
phosphorus insecticide parathion. 

Musca eggs at 28°C. normally complete their 
embryonic development and hatch in twelve hours 
after oviposition. Large numbers of eggs were 
collected at timed intervals from 1 to 11 hr. after 
oviposition and assayed for acetylcholine using the 
frog’s rectus abdominis muscle’, and for cholinesterase 
activity by the standard manometric method (sodium 
bicarbonate, 0-025 M ; acetylcholine, 0:01 _M ; tem- 
perature, 37° C.). Eggs were treated within one hour 
after oviposition by exposure on filter-papers treated 
with a 2 per cent acetone solution of parathion for a 
period of one hour. In conformity with Smith’s 
observations? on peach tree borer eggs, we regularly 
observed that eggs treated in this way continued to 
develop normally until hatching, and then failed to 
emerge. 


Table 1. ACETYLCHOLINE CONTENT AND CHOLINESTERASE ACTIVITY 
OF NORMAL AND PARATHION-TREATED Eaas OF Musca domestica 





Cholinesterase activity 
(ugm./gm.) (ul. CO,/125 mgm./hr.) 


Untreated Treated Untreated Treated 
1-3-5 nil nil nil 

7 nil nil . _ 

9 5 7 


ul 490 742 Complete 
inhibition 


Acetylcholine content 
Age of eggs 
(hr.) 





























Table 1 shows that neither acetylcholine nor 
cholinesterase activity could be detected during the 
first five hours of development. At seven hours, cholin- 
esterase activity appeared in untreated eggs and 
increased up to the time of emergence. Acetylcholine 
was first detected in untreated eggs at nine hours 
and then increased to nearly 500 ugm./gm. during 
the next two hours. This extraordinary increase in 
the acetylcholine contents of developing Musca eggs 
was verified in four separate experiments, and gives 
credence to the high values reported by Yushima 
and Chino‘ for the acetylcholine content of certain 
insect eggs. We confirmed that the substance assayed 
on the rectus abdominis muscle of frog was in fact 
acetylcholine by (a) its reaction with hydroxyl- 
amine-ferric chloride’ and (b) by paper chromato- 
graphy*. Eggs treated with parathion showed the 
same time-course of appearance and rise in acetyl- 
choline, but the values obtained were about 50 per 
cent higher than in untreated eggs. This increase in 
acetylcholine content after treatment with anti- 
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cholinesterases has also been demonstrated in adult 
houseflies’. The cholinesterase activity of the treated 
eggs was completely inhibited. 

These findings seem to resolve the anomaly of the 
delayed action of anticholinesterases on insect eggs. 
If the ultimate toxic agent in anticholinesterase 
poisoning is acetylcholine, then no mortality would 
be expected during early embryonic development 
before this substance is present. However, late in 
development and coincidental with the time of hatch- 
ing, high concentrations of this substance are present. 
If, at this time, the normal controlling mechanism, 
cholinesterase, is inhibited, the embryo is exposed 
to these high concentrations of acetylcholine and 
death ensues. 

K. N. MEHROTRA 


Department of Zoology, 
University of Western Ontario, 
London, Ontario. 


B. N. SMALLMAN 


Canada Department of Agriculture, 
Science Service Laboratory, 
London, Ontario. 


* Lord, K. A., and Potter, C., Ann. App. Biol., 38, 495 (1951). 

* Smith, E. H., and Wagenknecht, A. C., J. Econ. Ent., 49, 777 (1956). 

* Feldberg, W., “‘Methods in Medical Research’, 3 (Chicago Year 
Book, 1950). 

* Yushima, T., and Chino, H., Annot. Zool. Jap., 26, 228 (1953). 

* Hestrin, S., J. Biol. Chem., 180, 249 (1949). 

* Chefurka, W., and Smallman, B. N., Canad. J. Biochem. and Physiol., 
34, 731 (1956). 

*Smallman, B. N., and Fisher, R. W., Proc. Tenth Int. Cong. Ent. 
(1956) (in the press). 


Hens with Bilateral Oviducts 


As the reproductive organs of the female chicken 
develop there is an atrophy of the right gonad and the 
right oviduct which begins during early embryogeny. 
Persistency of these structures on the left side results 
in only one functional ovary and oviduct. A suspicion 
that bilateral oviducts were present in an inbred 
strain of Rhode Island Reds resulted when hens were 
being artificially inseminated. As each hen was 
prepared for receiving semen, manual pressure was 
exerted so that the vagina would be extruded. When 
this practice was followed with line SD-11 hens 
(from the Rhode Island Red inbred line) it was 
frequently observed that apparently two vaginas 
were appearing at the cloaca. Subsequent autopsies 
have verified that at least a portion of the right 
oviduct has persisted in some of the SD-11 hens. 

Between August 15 and November 1, 1956, nine 
mature SD-11 hens were autopsied. Six of the hens 
had abnormal reproductive structures on the Tight 
side. The rudimentary right oviducts were, in all 
instances, attached to the cloaca in a manner similar 
to that of the normal left oviducts. The measured 
lengths (see Table 1) indicate that in four of the six 
cases the rudiment was approximately half the length 
of the normal duct. Gross examination revealed 
that the following areas of the right oviduct had 
not been subjected to normal avian degeneration 
during development: vagina, uterus, isthmus and 
part of the magnum. The two shorter rudiments 
each had a cystic mass appended distally. The thin- 
walled mass of female 322D was approximately 
12 mm. X 8 mm. and that of female 5741Z was 
approximately 28 mm. in diameter. Macroscopically 
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Table 1. Ovipuct LENGTHS (IN MM.) FOR NINE NON-LAYING MATURE 
RHODE [ISLAND RED HENS 





Right oviduct | 


25 | 
60 


| Left oviduct 

| 

oe ao 
} 

| 

} 





65 
55 
* 





30 








* Normal, unilateral reproductive structures. 


the tissue of the right oviducts appeared similar to 
that of the left oviducts, except for one female. 
In 3088£ the tube was tough and fibrous, suggestive 
of a fibroma. In none of the females was a right 
ovary observed. 


Persistency of the right oviduct in chickens, or of 


its rudiments, has been reported in isolated cases’. 
Although Wodzicki? has reported that the right 
oviduct tends to persist in ducks, there appears to 
be no report in the literature indicating that the 
persistency of the right oviduct is inherited in 
chickens. Development of the right ovary in hawks 
and falcons* has apparently little or no relation to 
growth of the right oviduct‘. Thus, although rare 
instances of dual persistency have been reported‘, 
it is not unusual to observe that the normally absent 
oviduct can persist without the corresponding ovary. 
Because of their separate embryonic primordial 
origin, this would be expected. 

Line SD-11 has, for eleven years, been developed 
under a designed inbreeding programme. The 
present coefficient of inbreeding is 70 per cent < 
78 per cent. No unrelated stock has been introduced 
during this period of time and no selection has been 
made for bilateral oviducts. The relatively high 
incidence observed in the few birds that have been 
autopsied indicates that the persistency is influenced 
by genotype. This suggests, for the first time, that 
persistency of the right oviduct may be controlled 
genetically in chickens. 

WALTER MORGAN 
Witi14M KOHLMEYER 


Department of Poultry Husbandry, 
South Dakota State College, 
Brookings. 

Feb. 25. 
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Parasitism in Relation to the Pituitary of 
Ophicephalus punctatus and Barbus stigma 


THE interrelationship between the pituitary and 
the target organs is, more or less, well known. 
According to Kerr’, the.occurrence of the plerocercoid 
stage of a tapeworm (Ligula intestinalis) in the body 
cavity of the roach Leuciscus rutilus (Flem.) results 
in a marked regression of the gonads and in the 
reduction of the basophils in the middle glandular 
portion of the pituitary. In the case of the stickle- 
back (Gasterosteus aculeatus L.), however, infected 
with Schistocephalus solidus, no difference between 
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Fig. 1. Median sagittal section of the pituitary of Barbus stigma 
showing the presence of myxosporidian parasite in the pars nervosa. 
m.p., Myxosporidian parasite; p.n., pars nervosa. (x 80) 


Fig. 2. Median sagittal section of the pituitary of Ophicephalus 
pi a showing the occurrence of trematode parasite in the 
neighbourhood of the pituitary. ¢.p., trematode parasite. (x 64) 


the normal and the parasitized fish could be detected 
and the influence of Schistocephalus solidus on G. 
aculeatus is less manifest. The functional relationship 
between the pituitary and the gonads in fishes has 
been determined by the injection of pituitary ex- 
tracts? or by hypophysectomy*. Recent studies on 
the correlation of the cyclical changes in the pituitary 
and in the gonad of Cyprinus carpiot, Carassius 
auratust and Rhodeus amarus® also lend support to 
the existence of the stipulated relationship. 

In Ophicephalus punctatus (Bloch), I have observed 
the presence of a trematode parasite in close proximity 
to the pituitary. These parasites occur in the third 
ventricle, in the infundibular recess and even on the 
surface of the pituitary (Fig. 2). The specimen that 
is being reported upon had regressed testis with 
residuary sperms in the seminal tubules. The histo- 
logical structure of the pituitary does not show any 
abnormality. 

Also, the pituitaries of two specimens of Barbus 
stigma (Cuv. Val.) were found to be infested with 
myxosporidian parasite. In one case, the gonad was 
mature and ready for spawning. The parasites 
abounded in the infundibular recess and on the 
meninges covering the pituitary. In the other case, 
these parasites were present inside the pars nervosa 
of the pituitary (Fig. 1) or occurred in the form of 
cysts on the gonad. Comparison of the pituitary 
and the gonad of the parasitized specimen with those 
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of the non-parasitized one of approximately the same 
size and condition did not show any noticeable 
difference. This suggests that the reported parasitiza- 
tion of B. stigma and O. punctatus was not such as 
to impair the function of: the basophils of the uber- 
gangsteil. 

In the present cases, the parasites occur in close 
proximity to the pituitary or lie within it, but neither 
the internal structure of the gonad nor the number 
of the basophils is affected thereby. The condition 
found in O. punctatus and B. stigma is, therefore, 
milder than that reported of G. aculeatus by Kerr!. 


A. G. SaTHYANESAN 
Zoology Department, 
Banaras Hindu University, 
Varanasi 5. 
March 20. 


Kerr, T., Quart. J. Micr. Sci., 89, 129 (1948). 

* Cardoso, D. M., C.R. Soc. Biol., 115, 1347 (1934). Houssay, B. A., 
tbid., 106, 377 (1931). 

* Matthews, S. A., Biol. Bull., 76, 241 (1939). 

‘ Scruggs, W. M., J. Morph., 88, 441 (1951). 

5 Bretschneider, L. H., and Duyvene de Wit, J. J., “‘Sexual Endo- 
crinology of Non-mammalian Vertebrates” (Amsterdam, 1947). 
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Classification of Wool Follicles in Sheep 


A RECENT communication by Lyne! notes the 
presence in some adult merino sheep and one Corrie- 
dale ewe of “bundles of primary follicles” having a 
common neck. Lyne points out that these follicles 
would normally be classed as secondary follicles in 
counts to determine the ratio S/P and that therefore 
“some of the published observations on the numbers 
and ratios of follicle types must be re-interpreted”’. 

‘It is certainly important that care should be 
exercised in identifying follicles as either primary or 
secondary during counts made to determine the 
ratio S/P ; but perhaps as one of the authors of the 
early classification of follicles in sheep*, I may be 
permitted to question the necessity, at present, of 
re-interpreting published ratios of follicle types. The 
division of follicles into secondary and primary, 
although arbitrary, is extremely useful and the basic 
value to fleece studies of the ratio S/P rests largely 
on the assumption that secondary follicles are initiated 
and differentiated in a growth phase of the coat which 
is later than that in which primaries are differentiated : 
the distinction based on this assumption is, in the 
majority of instances, justified by evidence from coat- 
development studies. Experience in follicle-popula- 
tion studies has shown that when observing and 
counting follicles, particularly in adult skin and in 
merino skin with its high density of follicles, the 
classification of some follicles is difficult, and in these 
laboratories such follicles are classed separately as 
of ‘doubtful ident.ty’. Caution, as Lyne implies, is 
therefore necessary in classifying follicles, and I agree 
fully with him and with Carter® in this. 

It would seem then that the significance to S/P 
determinations of Lyne’s useful and interesting 
observation cannot be established until there is 
further evidence to show whether follicles of the type 
he observed can in fact be justifiably classed as either 
primary or secondary. These follicles may not even 
have developed by branching as Lyne assumes; as 
shown in his figure, they are smaller than the large, 
obvious primary depicted, have no sweat glands and 
may have been differentiated much later than the 
original primaries ; if this is so, the fact that these 
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and the original primary lead into a common ‘neck 
loses its significance in assigning the smaller follicles 
to one category or another and they may have all 
the characteristics of secondary follicles. To assess 
their significance in population studies, further 
observations on the differentiation of these follicles 
would be welcome. 
A. B. WitpMaAn 


Wool Industries Research Association, 


May 8. 
1 Lyne, A. G., Nature, 179, 825 (1957). 


? Wildman, A. B., and Carter, H. B., Nature, 144, 78? (1939). 
* Carter, H. B., Animal Breeding Abstracts, 28, No. 2, 101 (1955). 


Vernal Sloughing of Sludge Deposits in a 
Sewage Effluent Channel 


VERNAL sloughs in polluted streams, associated 
with the break-up of Sphaerotilus growths and 
Carchesium colonies, have been recorded by Hawkes?. 
‘These growths collect silt and humus and, on becom- 
ing detached from the stream bed, release large 
amounts of organic material into suspension. 

In April 1954, masses of chironomid tubes were 
observed floating in the effluent channel of a sewage 
works using the activated sludge process. The tubes 
were composed of sludge which had settled on the 
bed of the channel and the tube-masses were several 
inches in diameter. This vernal sloughing of the 
channel bed was associated with the first spring 
emergence of Chironomus riparius, Meigen. The larvze 
of this midge were present in densities exceeding 
100,000'm.? in the winter, spring and early summer 
of 1954. ‘ 

Recently, when the effluent temperature was 
approximately 10°C., sludge was collected contain- 
ing large numbers of larve and placed in a glass 
tank at approximately 20°C. After a few days the 
surface layer, the upper zone of which was composed 
of chironomid tubes, broke away from the deeper 
layers (Fig. 1), the surface layer being buoyed up 
by entrapped gas bubbles. Fig. 2 shows conditions 
after emergence of the midges, the tube layer having 
separated completely from the rest of the deposit. 
An analysis was made of the gas evolved by the 
sludge (Table 1). Its composition is similar to that 
produced by a group of Thames Estuary muds 
investigated by Grindley*, with more than 70 per 
cent methane. ; 

The large quantity of gas produced at the higher 
temperatures*:* is prevented from escaping by the 
thick layer of chironomid tubes, and the accumulation 
of bubbles underneath and within these tubes eventu- 
ally causes the layer to break off in large masses. 
High densities of larve are necessary for the forma- 
tion of the tube layer, and its instability, as the 
upper zone of the deposit, seems to be increased by 
the emergence of the midges. It is possible that the 
irrigation currents produced by the larve facilitate 


Table 1. ANALYSIS OF GAS EVOLVED BY SLUDGE 





Gas Volume (per cent) 





Carbon dioxide 
Methane 

Oxygen 

Hydroger sulphide 
Hydrogen 

Nitrogen 
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Fig. 1. Break-up of sludge deposits resulting from gas formation 


Fig. 2, Separation of the tube-layer after a midge emergence 
to some extent the removal of gas bubbles from the 
tube-layer matrix. The slough is particularly 
associated with the first spring emergence, when 
water temperatures are rising and when the tube- 
layer produced by over-wintering larve is especially 
well developed. This tube-layer incorporates much 
of the solid matter which settles during the winter 
period. 

Thermograph records of the effluent kept from 
April 1954 until August 1955 indicated that the 
temperature was rarely higher than 20°C. in the 
summer or lower than 10°C. in the winter. In April 
1954 the effluent temperature varied between 13° 
and 16°C. 

The release of large quantities of organic matter 
from the benthos is likely to lower the dissolved 
oxygen concentration in the water and may produce 
conditions adverse to fish. Furthermore, the super- 
ficial resemblance of these tube masses to untreated 
sewage solids may give rise to complaints from 
riparian owners. 

I should be glad to receive any further observations 
concerning this vernal sloughing associated with the 
emergence of midges. 

R. W. Epwarps 


Freshwater Biological Association 
Pollution Research Unit, 
Water Pollution Research Laboratory, 
Department of Scientific and Industrial Research, 
Stevenage, Herts. 
* Hawkes, H. A., paper presented to the Inst. Sew. Purif. (Jan. 1957). 


* Grindley, J., Dock Harb. Author., 36, 79 (1955). 
* Rudolfs, W., Indust. Eng. Chem., 30, 337 (1938). 
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FORTHCOMING EVENT 


Thursday, July 18 


LINNEAN Soorety oF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 11.30 a.m.—Symposium on “Bi try and 
Taxonomy”. Speakers include Dr. E. C, Bate-Smith, Dr. C. *. 
ote, Dr. J. M, Rowson, Prof. moet £ Gibbs, Dr. P. R. Enslin, 
Prof. R. "Hegnauer, Dr. R. Hill and Dr. J. G. Hawkes. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned 

ASSISTANT BIOCHEMIST, Basic Grade (with a —— euros aioe. 
ably with honours in biochemistry or chemistry, or the A 
The House Governor, The General Hospital, Steelhouse ie iva 
ingham 4 (July 20). 

ASSISTANT CHEMISTS (with a degree in chemistry or agricultural 
ie | or A.R.I.C.), for analytical work on crops and soils (Ref. 
A); CHEMISTS or HORTICULTURALISTS (with a degree in horticulture 
or chemistry), to take charge of glasshouse work on soils and crop. 
nutrition and'to assist with pba v of crops grown (Ref. B); and 
an ASSISTANT MYcoLoGist (preferably with a degree in botany or 
agricultural botany), for work on cereal diseases (Ref. C)—The 
Secre thamsted Experimental Station, Harpenden, Herts, 
quoting appropriate Ref. (July 20). 

ASSISTANTS (2), Grade B, IN THE MATHEMATICS DEPARTMENT, to 
teach Mathematics (Pure and Applied} to the level of the higher 
national certificate and B.Sc. General Degree, Part 1—The Principal, 
ee eye District College of Technology, Normanton Road, Derby 

uly 

CHIEF LABORATORY STEWARD (with suitable previous laborato: 
experience and familiar with the usuallaboratory arts)—The Principal, 
Deroy a District College of Technology, Normanton Road, Derby 

u 
PHYSICIST (Basic Grade), for work initially on problems associated 
with radium and X-ray therapy a and diagnosis and later with radio- 
active isotopes; and a T DaYSICWeT (Basic Grade) for work initi 
problems associated with radioactive isotopes and later with 
and X-ray therapy and diagnosis—The -Secretary, Hammersmith 
Hospital and Postgraduate Medical School, Du Cane Road, London, 
W.12 (July 20). 

READER (with high academic and professional qualifications and 
considerable research experience) IN CHEMICAL ENGINEERING—The 


um 


Registrar, College of Technology, Birmingham 1 (Jul * ee 
SENIOR PHYSICIST FOR DUTIES IN THE RADIOTHERAPY 
—The Secretary, North Middlesex Hospital, London, N.18 8 duly 22 22), 


LECTURER (with a degree in agricultural science ‘and appropriate 
postgraduate experience, and preferably lecturing experience) IN 
AGRICULTURAL BIOLOGY—The Secretary to the Governing Body, 
Egerton Agricultural College, P.O. Njoro, Kenya (July 27). 

STATISTICIAN (with an honours degree in mathematics, either 
pens! statistics or with a postgraduate diploma in statistics, and 
preferably — in applying statistics to biological problems), 
for the — and analysis of experimen The Secretary, National 
Vegetable Research Station, Wellesbourne, Warwick (July 27). 
SECRETARY and ASSISTANT DIRECTOR (preferably with a university 
degree in a branch of natural history, or archeology, or the Diploma 
of the Museums Association)—The Secretary, The Manx Museum, 
Douglas, Isle of Man (July 29). 

ASSISTANT IN GEOLOGY—The Secretary of University Court, The 
University, Glasgow (July 30). 

LECTURER or ASSISTANT LECTURER IN ZOOLOGY at the University 
of Otago Dunedin, New Zealand—The Secretary, Association of 
Universities of the British Commonwealth, 36 Gordon Square, London, 
W.C.1 (New yey RL : 

LECTURER (with experience in economic geogra aphy. pg oar om 
surveying, and the conduct of laboratory and field classes) IN 
GRAPHY at the University of Cape Town, South Africa—The Secretary, 
Association of Universities of the British ag alabama 36 Gordon 
Square, London, W.C.1 (South Africa, July 31). 

LECTURERS (2) (with practical expectenes: in the design of electrical 
plant, automatic control or See IN ELFCTRICAL ENGINEERING 
—The Registrar, Queen y= &. College (University of London), Mile 
End Road, London, E.1 (July 31). 

READER IN PHARMACOLOGY IN THE DEPARTMENT OF HUMAN 
PHYSIOLOGY AND PHARMACOLOGY, University of Adelaide, Australia— 
The Secretary, Association of Universities of the Brit ish Common- 
wealth, 36 Gordon Square, London, W.C.1 er July 31). 

SENIOR TECHNICIAN IN ZOOLOGY at Universit; y Coll e, Ibadan, 
Nigeria—The Secretary, Inter-University Council for H 
tion Overseas, 29 Woburn Square, London, W.C.1 (July $1). 

SENIOR RESEARCH WORKERS (2) (with considerable research ex- 
perience) AT THE oe RESEARCH COUNCIL’S tom a 
RESEARCH CENTRE, , to investigate problems concernin; 
growth and re seibctlon’ int é domestic fowl with reference to the 
importance of endocrine mechanisms—The Secretary, Agricultural 
Tern eee Cunard Building, 15 Regent Street, London, 8.W.1 

ugus 

ASSISTANT IN THE DEPARTMENT OF ZOOLOGY in St. Salvator’s 
College—Joint Mgrs to the University Court, College Gate, St. 
Andrews (A t 15). 

ASSISTANT PROFESSORS (2) (preferably with the Ph.D. degree in 
mathematics) IN THE > aa, Hy a OF THEMATIOS, University of 
Western Ontario, C Secretary, Association of Universities 
of the British Commonwealth, 86 Gordon Square, London, W.C.1 
(Canada, _—— 15). 

CHAIR OF CHEMICAL PATHOLOGY in the University of Cape Town 
—The Secretary, Association of Universities of the British Common- 
wealth, 36 Gordon Square, London, W.C.1 (South Africa, August 15). 
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i Bott, ScrIgNCE; a LECTURER IN CHEMISTRY; and a 
SENIOR LECTURER O IN MATHEMATICS at the University 
of Ghana The Receuiey, Inter-University Council for Zs ae 
tion ae 29 ana owt London, W.' te (Augus 
READER INEERING at Queen May ‘Coltege— 
The pres ed Registrar, U University of London, te House, ae. 


W.C.1 (August 22). 
Reaver (highly qualified in the physiological or nutritional 
of lactation) IN Day Lahanan gene at the University of 8 bar Ae 
A, d tea: C) > Uniram ay 
‘usban 


Australia, to develop a seoinee Oy unit on 
Animal rad A Farms wedge ew South W: 
Secretary, Association of Universities of the British Commonwealth, 
juare, eng aS W.C.1 (Australia, Augus 
preferably with qualifications in one yg the following : : 


in botany; (6) algology, es marine 
eytogenctics) IN THE 
of Cape Town—The Secretary, 


Serta of the British ree. 36 Gordon ‘Square, London, 
South Africa, August 31). 

k (preferably “with qualifications in the ecology of verte- 
brates) IN NATURAL HISTORY (ANIMAL EcoLoagy)—The Secretary, 
The University, Aberdeen (August 31). 

PROFESSOR AND HEAD OF THE DEPARTMENT OF AIRORAFT PRO- 
PULSION—The Principal, ag College of Aeronautics, Cranfield, 
—. Bucks (August 31). 

SESSIONAL INSTRUCTORS IN © —The Chairman, Depart- 
em of +s amid University of "alberta, "Bamonton, Alberta, Canada 

ugust 

Som SURVEYOR (male, with a first- or second-class honours degree 
eee) IN THE DEPARTMENT OF PEDOLOGY, Soil Survey ‘co 

tion—The Secretary, Macaulay Institute for Soi) Resea: Craigie- 


buckler, Aberdeen (August 31). 

CHAIR OF Puysics in the University of Khartoum—The Secretary, 
Inter-University Council ar Ba ofl ee Overseas, 29 Woburn 
Square, agg 1¢ 

LECTURER THEORET Bana Pacsios:-Athe trar (Room 9 
O.R.B.), _ ‘University, Reading aro 3 

PRO} F APPLIED MATHEMATICS—The strar, University 

IN THE DEPARTMENT OF 


Office, 46 North Bailey, Durham (Sopeemnbar 30). 

SENIOR LECTURER IN GEOCHEMISTRY 
MINERALOGY AND GEOLOGY, University of Cape Town—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 

, London, W.C.1 (South Africa, September 30), 

ECTURER (preferably with a medical qualification and qualified 
to teach for the Honours School of Physiology) In MEpDIcINE—The 
Very Reverend the Dean, Christ Church, Oxford pars only 26). 

AGRONOMIST (with a ‘university degree in agricul and ex- 
perience in fiel expectintaintinn. pm, with wo eotinl crops 
IN THE DEPARTMENT OF AGRICULTURE, British Guiana, to initiate an 
peo out crop and fertilizer trials where soil surveys are being carried 
out to de ine optimum land use—The Director of Recruitment, 
7/30/01. Office, Great Smith Street, London, 8.W.1, quoting BCD. 

ASSISTANT BIOCHEMIST IN THE DEPARTMENT OF PATHOLOGY—The 
Secretary, Salford Royal Hospital, Chapel Street, Salford 3, Lancs. 

ASSISTANT, Grade B (with a good honours degree IN MATHEMATICS 
—The Clerk ’to the Governors, South-East Essex Technical College, 
bay 2 nk Road, Dagenham. 

ASSIST. LECTURER IN MATHEMATICS—The Secretary, Royal 
College of ot ielense and Technology, Glasgow. 

ASSISTANT y ASSOCIATE PROFESSOR TO TEACH INORGANIC CHEMISTRY 
IN FRENCH at the undergraduate and graduate levels—The Director 
of the Chemistry Department, Laval University, Quebec, Que., Canada. 

ASSISTANT WARDEN (with a degree in zoology and an interest in 
ornithology and freshwater biology) at Flatford Mill Field Centre. 
East Bergholt, near Colchester, Essex—The Secretary and Treasurer, 
pe Btadies, Council, Balfour House, 119-125 Finsbury Pavement, 

on 

BIOCHEMISTS (preferably female, with a good honours degree, an 
at least two years postgraduate experience of biochemical ee 
at the Medical Research ae a Infantile Malnutrition Research 

» Mulago Hospital, Kam Uganda—The Personnel Officer, 
Medical | Research Council, 38 noha ¢ Queen Street, Westminster, Londor, 

W.1 

DEMONSTRATOR (with an honours vn in chemistry or biochem- 
istry and prepared to é e in research in biochemistry with a view 
to obtaining a higher degree) IN THE DEPARTMENT OF CHEMISTRY 
AND BIOCHEMISTRY—The Thomas’s Hospital Medical 
School, London, 8.E.1. 

MEDICAL LABORATORY TECHNOLOGIST (A.I.M.L.T., and wide 
experience of medical laboratory technique, including’ bacteriology 
and biochemistry) in the Nigerian Federal Government Medical 
De ment—The Crown Agents, 4 Millbank, London, 8.W.1, quoting 
M.3/43647, 

i Lg (with H.N.C. or equivalent qualification and 
capable.of peyer Bos ucrmente) apparatus, and preferably some 
experience in chemical analysis) IN THE PHYSICAL CHEMISTRY LaB- 
ORATORY of the Chemistry Department of the Association in London, 
to take active part in laboratory research work on the physico-chemical 
studies of ferrous metallurgical processes—The Personnel Officer, 
British Iron <7) td Research Association, 11 Park Lane, London, 
W.1, quoting “ 

SENIOR pa (preferably with a higher degree in chemical 
engineering, and with teaching gg IN CHEMICAL ENGINEERING 
at University College, Mandala: urma—tThe Ministry of Labour 
and Nati Oo eNOS. -9), 2628 King Street, London, 8.W.1, 

uoting A.12/ 

, rg yb roe a good honours degree in mathematics or 
statistics) IX THR SECTION OF SratTisTiICcs, for biometrical i 
and consultation—The Secretary, National _——— for Research in 
Dairying, Shinfield, Reading, quoting Ref. 57/9. 

TECHNICAL INFORMATION OFFICER (preferably with a degree o 
similar qualification and experience in engineering or physics {especially 
electronics), and/or experience of information work, or at least G.C.E. 
(A) or equivalent) IN THE LIBRARY at the A.E. R. E., Harwell, for 
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duties which include pameneine, : and indexing technical reports, 

answering inquiries, literature searchi: ng and the premerntion of Liblio. 

Feiablishment Group Recruitment Officer, Atomic Ene earch 
ishment, Harwell, Didcot, Berks, quoting Ref. 

TECHNICIAN (with general laboratory experience 

Oxford. fargeey, Nuffield Department of Surgery, 


ING MANAGER (with first-hand experience in training g young 
peosie), to = the training of junior scientific staff in 
ratory techniques in chemistry, yore, and sia. = > to 
advise on courses of study at local cal colleges—The 
Recruitment Officer (808/34), Atomic Hnctas Research Esta biishenent, 
Harwell, Didcot, Berks. 
VETERINARY LABORATORY TECHNOLOGISTS (A.I.M.L.T., or end 
a technical qualification in chemistry or biochemistry, and wit 
experience of general pathology and bacteriology techniques) in the 
Nigerian Federal Government Department of Veteri reh— 
The Crown Agents, 4 Millbank, London, 8,W.1, quoting M.3/44208/NF. 


(34. 
Nuffield Pro- 
cliffe Infirmary, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Institution of Gas Engineers. eet No. 501: Presidential 
Address (94th Annual General Meeting). Pp. 15. Publication No. 502 : 
First Dempster Travelling Fellowship rt (Abridged). Aspects of 
the Long-Distance Transmission of Gas. By J. F. Day. Pp. 25. Pub- 
lication =. 503: Pressure Gasification of Brown Coal at Morwell, 

ustralia. By Dr. R. 8. Andrews. . 81. Publication No. 504: Coal 
Supplies for the Gas Industry. By rles Johnson. Pp. 21. Publica- 
tion No, 505: The Development of Catering Appliances. By E. W. B. 
Dunning. Pp. 42. Publication No. 506: An Approach Fi ‘the Use of 
Oil Gas in an Integrated System. By L. P. Ingram. Publica- 
tion No. 507: Meeting the Gas Load in the North act. By W. 
Hodkinson and F. Litler. Pp. 28. Publication No. 508: Gas Industry 
Finance. By Wilfrid Bailey. . 30. Publication No. 509 : _ ot 
cation of Work Study = the vest Midlands Gas Board. 
tt and W. J. F. Bryce. Pp. 35. (London: Tustitation of Gas 
Engineers, 1957.) [225 

Titration in Non-Aqueous Solvents, By A. H. Beckett and KE. H. 

Tinley. oe edition. Pp. iv+438. (Poole: British Drug Hovey 
30. 


Ltd., 1957.) 

City of Liverpool. = of the Brown Library and Its Satel- 
re 1857-1957. Pp. 24. iverpoo]: Central Public — 

Guide to I.G.Y.: International Geophysical Year, 1957-8. so 
word by Sir James Wordie, and contributions by Members of the 
British Committee. Pp. 48, (London: Methuen and Co., Ltd., 
1957.) 28. 6d. [305 

Report of the Royal Commission on the Law Relating to Mental 
Tilness and Mental Deficiency, 1954-57. Pp. x+306. (Cmnd. 1 - ) 
(London : H.M. Stationery Office, 1957.) 10s. 6d. 305 
onnisis 7. I. Today. Pp. 12. (London: Tube Investments, des 


Br.tish Museum (Natural History). The Culicine Mosquitoes ¥ 
the Indomalayan a. Part 1: Genus Ficalbia Theobald. By P. F 
renee age Pp. 61. 158, The John Murray Expedition, 1933-84. 
Scientific Reports. a 3 10, No. 4: The Sessile Tunicata. By Patricia 
ms Pp. 129-150. 8s. ( London : British Museum (Natural = Hoey 


ce a Review of ee Rt 1956. Pp. 8. 
Government (London Office), h 

Enosis and Its Background. vd ‘article reprinted from The Round 
ine ior) 1957, No. 186.) Pp. 12. (London: The Round 7, 

é 

Philosophical Transactions of the Royal Society of London. aities 
A: Mathematical and Physical a No. 971, Vol. 249 (30 May 
1957): The Asymptotic Solution of Linear Secon d Order Differential 
Equations in a Domain Containing a Turning Point and a Regular 
Singularity. By R.C.Thorne. The Asymptotic Expansion of Legendre 
ge ga of ogy and Order. By R. C. Thorne. . 5 21. 
lls. 6d. Series B. Biological Sciences. No. 676, Vol. 241 (23 af 
1087): Interglacial Deposits at Bobbitshole, Ipswich. By R. 
Wes e Non-Marine Mollusca of the Interglacial Deposits = 
Bobbitshole one By B. W. Sparks. Pp. 44+4 plates. 20s. 
(London : Royal Sceiety, 1957.) [305 

Royal Institute of Chemistry. Report of the 79th Annual General 
Meotine- Pp. 24. (London: Royal Institute of beans 4 


Building pomene — Digest, No. 97 (April, 1957): Questions 
and Answers. London: H.M. Stationery Office, 1957.) [805 

Oundle Schoo ‘Natural Histo: a, Annual Report, 1956. 
Ep. hag be — Poterberpaakt: Ow le School Natural History 

ociety, 1° 

Nationalism, Colonialism and Neutralism. By Sir Ivor J 
(Fifteenth Montague Borton Lecture on International Relations, del 
ered - the - Pat nail my Leeds, on Tuesday, 19th February, 1957. 
Pp. 12. (Leeds: The University, 1957. 67.) 6d. 308 

tiniest y of Agriculture, Fisheries and Food. Fishery Investigations. 
Series 2, con 21, ‘Oyster Production in kwal ee — Ty 
Roach, from. 1950 to 1954. By G. Duncan 
ili+47. Watton: H.M. Stationery office, 1957.) 108. be at. [306 


Other Countries 


United Stater Department of Agriculture. Production Research 
Report No. 1: Soil and Crop — at — _— Spring, Texas, Field 
Station. By F. E. Keating and O. R. . 81. (Washington, 

D.C. : Government Printing Office, i087. : 30 cents [225 


(London : rus 
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Pacific Science, Vol. 11, ay & s A “y- os A quarterly devoted t 
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ANHYDROUS 


ACID 


AHF is the most important agent for 

' the production of organic fluorine compounds 
either by replacement of chlorine atoms or 
by addition to unsaturated substances. 
Another important use is as a catalyst 
in the production of high-octane fuels by 
alkylation. Other alkylation and acylation 
reactions are also catalysed by AHF. 
It is the raw material for producing fluorine 


and has been used as a solvent medium 








for certain reactions. 


0.5% max. 

0.25% max. 
0.25% max. 
0.01% max. 
may be present in traces, 


PHYSICAL PROPERTIES H,0 
Boiling Point (760 mm.) . 19.9°C. S02 5 a a 
Freezing Point — 83°C. Si(cale.as SiF4) . 
Specific Gravity (Liquid 0°C) . 1.01 H2S0, . 
Specific Heat (Liquid 0°C) . 0.85 H2S . 


The vapour is polymerised to a degree which 
varies rapidly with temperature and pressure 
producing a corresponding variation in the heat 
of vaporisation. 

SPECIFICATION 

The normal grade of AHF contains at least 
99% HF, and impurities to the following limits :— 


Higher grades up to 99.9% HF can be supplied . 
according to need. 


CONTAINERS 

AHF is transported in steel tank wagons hold- 
ing from six to eight tons, and in steel cylinders 
of 6 Ib., 50 lb. and 230 lb. capacity. 


Advice on materials of construction, handling and first-aid measures may be obtained from 


PRODUCTS OF 


fupenat ELTING 





CONSOLIDATED ZINC CORPORATION (SALES) LTD * 37 DOVER STREET - LONDON - W1 
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BECK NO.48 


BINOCULAR AND 
MONOCULAR MICROSCOPE 

















RAS BECK ETD 


69 MORTIMER STREET » LONDON » WI 








FOUNDED 





“CRISTA” PIPETTE SHAKER 
with 
Interchangeable Heads 


For 
PIPETTES 
KAHN TUBES 


BOTTLES Details on regnest 


HAWKSLEY & SONS LIMITED 
17 NEW CAVENDISH ST. LONDON WI 


WELBECK 8557 
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PURE FILTER PAPERS 


Always reliable year 
after year. Write 

for our guide to the 
use of Filter Paper 
called “N Signposts” 


J. BARCHAM GREEN LTD. 
MAIDSTONE, ENGLAND 























ULTRA-VIOLET CELLS 


' Variable path-length cells for liquids 


INFRA-RED CELLS 
Variable path-length cells for liquids 
Fixed path-length cells for liquids and gases 
Microcells for liquids 


PRESS for making KBr and 
KCI DISKS 
as used in I-R and U-V solid state study 
Improved and chromium plated 


HIGH SPEED VIBRATION MILL 
ideal for KBr disk technique and other fine 
and fast grinding. Available for 50 and 60 
cycle mains 


ROTATING ELECTRODE 
(solution excitation) SPARK UNIT 


Descriptive literature on application 


RESEARCH & INDUSTRIAL INSTRUMENTS CO. 
30 Langton Road, Brixton, London, $.W.9 
RELiance 6171 
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